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(54) Rag<Mi«rationofMidog«nousffiycM:ardta^ 

(57) This invention providas a method of dotting a 
disorder of a subjecTs heart involving loss of cardlomy- 
ocytes vtdiich comprises administering to the subject an 
amount of an agent effective to cause cardiomyocyte pro* 
riferation within the 8td»|ecrs heart so as to thereby treat 



the disorder. This Invenflon further provides the instant 

method wherein the agent is human endothelial progen- 
itor cells, G-CSF, GM-CSF, SDF-1, and IL-8. This Inven- 
tion also provides methods of determining the suscepti- 
bf nty of a cardiomyocyte in a subject to apciptosia. 
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0««6rfptlcifi 

PNWII Thfe apFNicadon cislrm priority of U.S. Sarfat No. 1^128,738, m&i April ^, 2002. the contente of which are 
her«j5y Incorpomiad by refersnca. 

COO^ Throughoutthls application, various pubflcatlona are referenced m paren^eees by ar^ numbem. FuH oitallona 
for these referencee may be fouml at the end otthe specmcation immediately preceding the ctekna. The dtecioeuraa of 
these pubilcattone in their entiretlea are hereby Incorporated by refersnoe irrto this apptloedioh to mora hJlly describe the 
state of the art to which this invention pertains. 

Badarounci 

pOirai Healing of a myocanSal infarct Is compite^ed by the need for vi^le myocytes at the peri-tnfart* rim to undergo 
compensatofy hypertrophy In order to increase pump function In response to the loss of infarcted tissue (1,2) This 
initiates a proce^ temied cardiac remodeiilng which is characterized by apoptotlo lo^ of hypertrophiad myocytes. 
e3<pansion of the initial infanct area, progressive ooltagen replacement and heart failure (3-6). We have recently put 
fon<i«fd the hypothesis that hypertrophied cardiac myocytes undergo apoptosis because the endogenous <^iHary net- 
worit cannot provide the canpensatofy increass in perfusion required for cell survival (7). 

C0004I Vascular networic fomiation is the end result of a complex process that begins in the pre-natal period wim 
inducaon of vasculogenesia by hemangfoblasts - ceils derived from the human ventral aorta which give rise to bottt 
endotheil^ and hematopoietic elements (8-11). Cells which can differenflate into endothelial elements also exist In adult 
boneman'ow(l2-l4)andGaninducevasculogeneaisinlschemlctlssues (15-17). In the adult, new blood vessel fomiation 
can occur either through angiogenesis from pre-^^xlstlng mature endothelli^ or vasculogenesb mediated by bone 
mamjw-derived endothelial precursors. I=tecenthf. we Identified a specrfte population of endothelial progenitor ceils (an- 
gtoblasts) derived from human adult bone marrow which has phanotypic and functional characteristics of embryonic 
angloblasts (7). We showed that intravenous adminetration of these cells resulted In selective homing to Ischemic 
myocardium, Induction of Infarct bed vasculogenesis. prevention of peri-infarct myocyte apoptoeis. and significant Im- 
provement in myocardl^ function (7). 

100051 We recently discovered tli^ CXC ciiemoklnes containing the ELR motif regulate migration of human bone 
nmrrow-derived endothelial progenitor cells to sites of tissue Ischemia. Moreover, since setective bone marrow homing 
and engrafiment of hematopoietic progenitors depends on CXCR4 bincfing to SOF-1 expressed constttuliveiy in the bone 
marrow (28-30), we demonstrated that intenruptioft of CXCFWSDF.1 hteractions could redlract trafficking of human 
bone man-ow-derived endothelial progenitor celts to siles of tissue ischemia, thereby aus^enting therapeutic vasculo- 
genesis. Our results Indfcated that CXC chemokines, including IL-8,Gro-alpha, andSOF-1 , play a central role in reajlating 
human acfcjit bone marrow-dependent vasojlogenesis. 

[0006} Recant obsen/atlons have suggested that a second compensatory response of viable cardiorr^yocytes Is to 
proHferate and regenerate following injury (18.19), We have previously shown thd pro-angiogenic fatcors, such as 
endothelial progenttor celto at a minimum concentradon can induce vasculogenesis. Here we disclose the surprising 
result that careful dosing of endothelial progenitor cells/other prts-angiogenic agents can induce cardlomyocyte proHfer- 
ationalso, andthlsprollferatlon can beenhanced by manipulating CXCR4/stromald6rivedfactor-1 Interactions. Moi«over. 
we show that the mechanisms for this enhanced proliferation is via modulation of mRfslA e^^resslon of a number of 
straes-lnducible genes involved in cardtomyocyte apoptosis and cell-cycling. 

Summary 

COOOTJ This Invention provides a method of treating a dIsortJer of a sub^s heart invohring loss of cardtomyocytes 
which comprises administering to the subject an amount of an agent effecthre to cause caitJIomyocyle prellferation within 
the subjeofs heart so as to thereby treat the disorder. 

[00081 This Invention further provides the Instant method wherein the agent is human endothelial progenitor cells. 
[0009] This invention further provides the Instant method comprising wlministertng an effecthra amount of a second 
agent that increases the cardlontyocyte prollferBtlon caused by the human endotheltal progenrtor ceils. 
[0)101 This Invention also provides a method of determining the susceptibility of a cardtomyocyte in a subject to 

apoptosis comprising: 

(a) quantrtating the expression a perexlredox^ In the canjiomyocyte; 

(b) quantltating the expression of Vitamin D3 Up-Regulated Protein-1 In the cardlomyocyte; and 

(c) detemiining the ratio of psroxlredoxin expression: Vitamin D3 Up-Regulated Protein-l, expression, wherein a 
low ratio indicates a high susceptibility of ths cardlomyocyte to apoptosis and a high ratio indicates a low susceptibility 
of the cardtomyocyte to apopto^ in the subject 
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[001 1 3 Aoc30fding to another aspect of the Invention, thare h provhjed m method of treating a disorder of a subJecTs 
heart lnveh*io low of cardtomyocytea whic^ comprtoes adnrdnlsleringto the subject an amount of an agem effective to 
cayse outffomyocyte prtmmmn wltWn the aubjectfa heart so as to therat?y tmsA the dteoider. 
[00121 The agent may be human endothelial progenitor ceifa. 

£00131 The method may further comprtse at^jnisterfng an effective amount of a second agent that Increases the 
cardlomyocyte prollfefatlon cauaed by the human endothelial progenitor oaila. 

[0014] The a^ntmay be an antisense oHgonudeo^ which specrically inhibfts translation of VHamin D3 Up-Regulated 
Proteln-1 {VDUP-1 ) mRNA. Tha ^ent may be a catalytkj nudeic acid which speclflcaljy Inhlbite translation of Vitamin 
D3 Up'Regui^ed Proleln-1 mRNA. The catalytte nucleic acid may comprtae deoxyribonudeotidea. The catalytic nucieic 
acid may ccrinpriae ribonucleotides. 

[0015] The second agent may be a pro-angiogsnic s^nt. The pro-an^ogenic agent may be vaatailar endothelial 
growth fector. fibroblast growth factor or anglopoletln. Tlie second agent may Induce expression of a pro-anglogenic 
factor. The second agent may be Hypoxia Inducible Factor-1 . The second agent may promote trafficking of the endotheUal 
progenitor cells to the sid^jaoTa heart The second c^nt that promotaa trafRcklng may be an antibody dracted against 
an epitope <rf CXCR4. Tha second agent that promotes traffksking mi^ be a CG chemoklne. The CC chemoMne may 
be RANTES, EOTAXIN. monocyte chemoattnactant protein- 1 (MCP-I), MCP-2. MCP-3, or MCP. 
IP0163 The second agent may be a CXC chemoklne. The CXC chsmokine may be ! nterleu kin-8, Gro-Alpha, or Stromal- 
Derlved FactoM. The Stromal-Derived Factor-I maybe Stromal-Derived Factor-l alpha or Stromal-Derived Factor-1 
beta. The second agent may pronnote mobtflzsijon of angioblasts Into the bloodstream of the subject The agent may 
be Q-CSF, SM-CSF, SDF-l, or VSSR The second agent may be cardtomyocyte progenitor cells. The second agent 
may be skeletal muscle progenitor cells. 

[00171 The effective amount of human endothelial progenitor ceils may be between 2.5x1 (P and 7.5xl(^ endothelial 
progenitor cells per kg of the subjecTs body amsa. The effective amount may be 5x1 QS endotheliai progenitor cetla per 
kg of tha subjecTs body mass. The endothelial progenltorcalte may be attogen^ with raspectto tha auttfect The subject 
may be an adult The subject may be an embryo or a f^s. 

[00181 The administering may comprise Injecting dlrecHy Into the subject's peripheral emulation, heart musde. left 
ventricle, right ventricle, coronary artery, cerebro-spinal fluid, neural tissue, ischemic tissue, or pcMt-techemic tissue. 
The human endothelial progenitor cells may express CD117, CD34 or AC133. The endothelial progenitor celts may 
express a high level of intracellular GATA-2 activity. 

C0019J The agent may induce expression of a mRNA encoding a peroxiredoxin. The agent may be 2 {3)-t-butyl-4- 
hydroxyanlsoie. 

[00201 The agent may Induce ej^resslon of a mRNA encocfing NF-E2-relat»d factor 2 (Nrffi). The agent may induce 
dissociation of a Nrf2 protein from a Keap-1 . The agant may inhibit association of a Nrf2 protein with a Kelp-I . The agent 
may inhiWt association of a thiol reducta^ thloredoxin with a VDUP-1 protein. The agent may Inhibit c-Abi tyrosine 
kinase activation. The agent may be STI-571 . The agent may be a CXC chemokine. The chemoklne may be Stromal- 
DerNedFactor-l, 11-8orGro-Alpha.TheagammaybeStromai-OertvedFa(*)r.l andlsacbninlsteredintramyocardtaHy. 
The agant may be S&omal-iDerlved FactoM and Is administered Inlracoronary. The agent may be Stromal-Derived 
Facior-l and Is administered via a stent a scaffold, or as a slow-release fonnulatlon. 

[0021] Tha method may further comprise a<*n}nlsterlng a second agent The sec»nd agent may be GM-CSF. G-CSF, 
IL-8 or a Gro family chemoklne. Itie second agent may be an Inhibitor of CXCR4 or an inhibitor of SDF-i . The agent 
may be an inhibitor of plaaminogan acltvator inhlbllor-l. The agent may be an antibody directed against an epitope of 
GXCR4. The agent nnay be G-CSF, GM-CSF. an inhibitor of VDUP1 expression, or a Gro family cherrwkfne. The subject 
may have a candiovascular disease. The subject may have congestive heart failure. The subjert may have auffared a 
myocanSal Infarct The subject may have suffered myocardial ischemia. The subject may have angina. Tha subject may 
have a candlomyopathy. The subject may be a mammal. The mammal may be a hurrmn being 
[002^ According to another aspect of the invention, there is provide a method of detem^lning the susceptibility of a 
cardiomyocyte In a subject to apoptosis comprising: (a) quantftatingthe amount of mRNA encoding peroxiredoxin in the 
cardlomyocyte; (b) quantftatingthe amountof mRNA encoding Vltwnin D3Up-ReguiatadProtain-1 inthecardk>myocyte; 
and (c) detemilning the ratio of the amount of mRNA encoding peroxiredoxin: amount of mRNA encoding Vitamin 03 
Up-Regulated Proteln-1 , wherein a low ratio Indicates a high susceptibility of the cardlomyocyte to apoptosis and a high 
ratto Indtoates a low susceptibility of the cardlomyocyte to apoptosis In tfie subject. 

[00231 According to another aspect of the Invention, there is provided a method of detemilning the susceptibility <rf a 
cardiomyocyte In a subject to apoptosis comprising: (a) quantitating tha expraaaion of a parodradoxin protein In the 
cardlomyocyte: (b) quanmating the expression of Vitamin D3 Up-I^utated ProioiM in tha canfomyocyte; and (c) 
detemilning the ratio of the peroxiredoxin protein expreaslon: VHamin [>3 Up-Raguiatad Protaln-I expraaaion. wherein 
a low ratio indteates a high susceptibility of the cardlomyocyte to apoptotis and a high ratio indicates a kwv suacaptibHfty 
of the cardlomyocyte to apoptosis In the subject. 

£0024] According to another aspect of tha inventton, there is provided a cardiac progenitor ceN. 
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C002S1 Acooftding to another aapeat of mventioft. there is provWed a method of indueing cell cycling in a cardiac 
progwfiftorcell In a haarttlssua of a subject compH^ng achnlnlstering to the subject an amount of an agent effective to 
induce neov^sculerizatfon of the heart ti^ue In the subiect so as to thereby indu<» c^iao ceil cyoBng within the heart 
^ssueottheeub^. 

loom According to another aspect of the tnvenflon, them i« prodded a method of iff^rov^ caidiac funcSon in a 
subject compriBing atftninletoring to the subject an i^unt of an agent effective to Induce neovascularization of a heart 
tissue In the subj^ so as to thereby Improve canriiac function in fte subject 

[0027j /tecording to another a^eot of the invention, there Is provided a method of Improving cardiac function in a 
subject a»r^rl8ing ^IminiaterlngtQthe subject an amountof an agent eff^cdvo to induce proliferation of catdiomyocytee 
in the heart tissue In the subject so as to thereby iniprwe cardiac function In the subject. 
[^1281 The subject may have suffered myocanlial ist^emla or myocardial Infarct 

[tK>29J The agent may be G-CSF, GIW-CSF, IL-8. a Qro family chemoldne, an inhibitor of CXCR4. or an Inhibitor of 
SOF-1 . The inhibitor of CXCR4 may be a smalt molecule or a monoclonal antibody. The Inhibitor of CXCR4 may be a 
small molecuie and m^f be AMD 3100. The inhibitor <rf CXCR4 may be AMD 070. The inhibitor of CXCR4 may be a 
eatafylte nudelc add. an oilgonucieoHde. amonoclontf anflbody. RNAI, or a small moteoile. The inhibitor of SDF-1 may 
be a small moiecule or a monoclonal antfeody. The Gro family chemoldne may be Gro alpha. 
10030} Accordlttgtoanotheraspectofthslnvsntton.thensispnjvidedamethodofinducbigapoptoslsinaceHcomprielng 
inhibiting expression <^ a peroxiredoxin in the cell. 

£0031) The ceH may eiqaress peroxiredoxin. The cell may be supplied by a vasculature, and the ^maiulature induces 
expression of the peroxiredoxin. The peroxiredoxin may be peroxiredoxin I, peroxiredoxin II, peroxiredoxin III, peroxlre- 
doxin IV. or peroxiredoxin V. The inhibition of expression of peroxiredoxin may be effected by contacting the ceil with a 
catafyttc nucleic acid which binds mRNA encoding perQ)dnBdoxin. thereby inhibiting the expression therB<rf. 
[00321 The cell may be a tumor cell. 

(0033] Accorcing to another aspect of the invention, there Is provided a method of treating a disorder of tissue celts 
of a subject invotving loss of tissue cells which comprises administenng to the subject an amount of an agent effective 
to cause «ssueceflprollferation within the tissue of thesubjectsoasto thereby treatthedlsor^^ 
£0034] The agent may be G-CSF, SDF-1. GM-CSF, IL-8, or VEQF. The agent m^ be an inhibitor of CXCR4/SDF-1 
interaction. The inhibitor may be a catafytic nucleic add. a monoclonal antibody, a antlssnse oligonucleotide, a small 
molecule, or RNAi. The agent may be an Inducer of peroxiredoxin expression. The tissue may be cardiac tissue, brain 
tissue, peripheral vascular tissue, hepatic tissue, renal tissue, gastrointestinal tSssue. lung tissue, smooth muscle tissue 
or striated musde tissue. 

[00351 The as^ may be G-CSF, and the G-CSF Is a covatent conjugate of is a covalent conjugate of recombinant 
metfiionyl human G-CSF and monomethoxypolyethylene giycoi. 

[(»36J According to another aspect of the invention, there is provided a method of treating a disorder of a tissue of a 
subject Inveivir^ apoptosis of ceils In the tissue which comprtees admlnlstertng to the subject an amount of an agent 
effective to Inhibit apoptosis of cella in the tissue within the subject so as to thereby treat the disorder. 
[00373 The agent may be em inhibitor of VC5UP-1 expression. The inhibitor of VDUP-1 expression may be catalytic 
nucleic add. a monoctonai antibody, an antisense oligonucleotide, a small molecule^ or an RhTAI. The tissue may be 
canjiac tissue, caret)rova»5ular tissue, or cerebral tissue, 

[0038] Accondtng to another aspect of the invention, there is provided method of inhibiting proliferation of fibroblasts 
orMiammatorycallsinatlssue and thereby inhibiting collagen fonnatlon comprising contacting the tissue with an amount 
of an ^hibitor of VDUP-1 expression effective to inhibit proliferation of fibroblasts or inflammatory cells in the tissue. 
£0039] The Inhibitor of VDUP-1 expression may be a catalytic nucleic add. a monoclonal antibody, an antisenae 
oligonucleotide, a smalt molecule, or an mAi. 

BRIEF DESCRtPTION OF THE FIGURES 

[00401 Figures 1A>1D: IL- 8/GiD-Alpha CXC Ctiemokines Regulate iUigraflon Of Human Endothelial progenitor cells 
(angioblastB) To Myocartiai Tissue In Vivo And Subsequent Development Of Vaacuiogeneste. 

(A) Dli-labelied human endothelial progenitor cells (angiofalasts){>98% CD34+ purity) injected intravenously into 
nude rats infiitrate rat myocardium aftercoranary artery ligation and infarction but not after sham operation at 48 hours. 

(B) IMIgration of human endothelial progenitor ceils (angioblasts) to ischemie rat nnyocaidlum is inhibited mAbs 
against either rat IL-8 or the iL-8A3ro-alpha chemoklne family receptors CXCR1 and CXCR2 (all p<0.01), but not 
agairtst VEGF or its receptor Flk-1 (resulte are expressed as mean + sem of three separate experiments).' 

(C) Masson's trichrome stain of rat myocardial infarct bed at two weeks after LAD ligation demonstrating diffuse 
increase In matrix deposition and few capillaries in representative anlmai injected with saline (x400), (filfuae Increase 
in d^iaries (am>whead8) and reduction in matrix deposition in rspresentalive animal injected with human bone 
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marrow-defh/sd endo^dii^ progenttor cells (x400), and r«ductk>n In capiHary numbem In repmsentathre animal 
in)flct»d with human ondomsHai pragenttor cotter (anglo&laste) toge^er w»i mAb against human BXCm/2 (x400). 
(D) irrtracaraf^ Injection of IL-8 or SOF-1 at 1 jtg^i signifieartfy incrsas^ In vfvo chamotaida of DH-tabeHed human 
and<«herial progantor ceHa (angloblaat) (98% CD34+ purily) Into non-lschamlc rat heart In con^flaon with injaction 
s of saHna or mm ceil factor CSCF)» p<0,01 (results are expraasad aa mean + mm of threa aaparat» aitpffilmanta). 

Below la shown rapraaentaHve fluoraacance miomacopy <^ intravancuaiy-^Jectad Dtt-labalied htsnan andotheSel 
pn>oenHor cella faififtrattoig non-lachamtc rat heart attmr Intracarc^ injaetlon with aaflne. It*8 or SOP-I . 

EQ041] i=lgMraa2A-2C: Bloddng CXCR4/SDF1 InteractiDna Raifirecta Intravanoua^ Injected Hiffran EndotheHat pro- 
10 ganiitMr ealla From Bona Mamiw To laehamtc MyocardUjnft 

(A) the proportion of human CD34^D^^7^^ ©ndothsltal pro^nftor cells (aogloblaata) In mt bona marrow 2-14 
days after intravenous injection is significentty increased following ischemia induced bf LAO Hg^ion (results am 
ej^esaed aa mean + sam of bone nwrrow studiaa In thrae animala at each time poinO- 

« (B) and (C) depict 8ie effects of mAba against CXCR4, SDF-I or C034 on trafficking of human CD34+ endotheHat 
progenitor ceils (angloblasts) to nat bone marrow and myocardium following LAD ligation. Co-admlnlstration of ant!- 
CXCH4 or antl-SDF-1 signiflcantiy reduced trafficking of Intravenously Injected human CD34+ calls to rat bona 
man-owat48 houm and increased tnaffteWng to ischemtemyocardlun*, whereas anti-CD34 mAb had no effect (resuits 
are expiwed aa mean + sem «# bone nwrow and cardiac atudiea perfbnmed Mi three LAD-Hgated animala at 48 

^ hcHJfs after ii^ection). 

[0042] Rqures 3A-3F . Redirected TrafRckJng Of Human Endothelial progenitor celts (angiobiasts) To The Site Of 
Infarction indu<^ Vassulogenesis And Protecte Caitilomyocytes Against Afxjptosfe. 

^ (A) Myocardial infaict bed two weeks post-LAD llgsrtion from representative animals In each group stained with 

Mason's trtchrome (upper panel) or immunoperoxklase after li^nding at ant}-C031 mAb (iower panel). Tlie Infarct 
zones of rats rraiving either 1 on 0® endothelial progenitor cells (angiobiasts) show myocarcfiai scars corr^ad 
of pauckjellular, dense fil^rous tissue stained blue by trtchrome (x400). In contmst, the infarct zones of rats injected 
with IQS endothelial progenitor cells plus antl-CXCR4 mAb show signfflcant Inaease in ceilularfty of granulation 

30 tissue, minimal matrix deposition and fibrosis, and numerous medium-sized capillaries of human origin. The infarct 

zones of rata irifected wHh 2xl05 endotheilaf progenitor ceila show a similar mductton in fibrous dasue and incraaaa 
in medium-sized capil^es. and an additionai increase in large-sized vessels of human origin. 

(B) and (C) show *e relationship between the nwnber of human C0117*»''9*>t endothelial progenitor cells Injected 
Intravenousiy (1 O^, i o^. 1 plus antl-CXCR4 mAb, and 2x1 oS) and development of rat infaict bed vasculogenesis 

3s at two weel%, defined as the mean number of capillaries/high power field (hpO witti medium- or large-sized lumen 

dl»ineler (rsspectiveiy, 0.02 mm mean diameter with 3-6 contiguous endotheHai lining ceRs and 0.4^ mm mean 
diameter with >e contiguous endotheHai lining cells). Results are expressed as the mean + sem of at least 15 hpf 
in three separate experiments. 

(B) the groups receiving either 2x1 0^ endothelial progenitor calls (angiobiasts) or 10^ endothelial progenitor cells 
^ plus anti-CXCR4 mAb dmnonstrated 1 7-fold higher numt>ers of medium-sized c^lHaries compered with the other 

two groups (p^.01). 

(C) the group receiving 2x1 QS endotheiiai progenitor celia (angiobiasts) addtionally demonstrated 3.3-foid higher 
numbers of large-lumen capillaries compared with the groups raceivlng 10^ or 10^ endotheiiai progenitor celia 
(p<O.Ol), and 2-foid h^her numbers of targe-lumen ciM»iiiariea comprnisd w^h the group receiving 10^ endothelial 

^ progenitor cells plus antl-CXCR4 mAb (p<0.01 ). 

(D) showffi that co-ac*Dinis&ation of antl-CXCR4 mAb together with the highest, aancentr^lon of endothelial pro- 
genitor cells (angiobiast), 2x105, resulted In a further 23% increase in growth of large-lumen capillaries. More 
strildngty, there was a furthsur 2-fold Increase in capillary numbers when 2x1 0^ endothelial progenitor ceHs were 
injected Intravenously after direct intracardiac delivery of 1 .0 (ig/ml SOF-1 into Inf aitted hearts (p<0.01 ) (results are 

so expressed as mean + sem of three separate experiments). 

(E) shows that at 2 weeks the numbers of apoptotto myocytes at the perl-infarot rim, defined by concomitant staining 
with antl-desmin mAb and DNA end-labeling using TUNEL technique, are significantly reduced in rats receiving 
either 2.0 x 10^ endotheliiri progenitor celte or IQS endothelial progenitor oella together with antl-CXCR4 mAb In 
comparison to rats rsceiving 1 03 or 1 0^ endotheiiai progenitor ceifs (p<0.01 ) (results are expressed as mean + sem 

ss of three separate experiments). 

(F) shows that co-administration of antl-CXCR4 mAb or intracardiac injection of SDF-1 resulted in further reductions 
in cardiomyocyta apoptosis of 65% and 76%, respectiveiy, at two weeks (both p<0.001) (results are expressed as 
mean -i> sem of three separate experiments). 
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£0043] Figures 4A'4H. Infarct B&d Vasculogsiiesis fmproves Long-Temi MyocanJiat FuncBon Through Mechanisms 
InvoMng Both C^vcSomyocyttt Protms&en and Prat^tntf on/Regeneraftkm. 

(A) (B) show the roteeonshlp between the number of human GD1 1 7*>rtghtendottwlfaJ pitigwiltorceHs (anglobiasts} 
injecstedlrtraveriousfy (103, iqs lO^pfusarrtl CXCR4mAb, and2xl0S)andirnpiwem«rrtIrirnyoca«flalfuricfionat 
16 weeks, defined as mean Imprwemant in teft ventrioHsr ejection fraction (LVEF) (A) and mean f»ductton in left 
verrtricutor ama at end-systote (LVAs) (B). No significant improvement rn these panameters was observed In ttie 
groups rscftMng 10^ or 1C^ endothelial progenitor cells In compailson to rats receiving saline alone. In contrast 
roes receiving lO^ endothelial progenitor cate plus antH3XCR4nriAbdenf»nstratedslgniflcam recovery in LVEF and 
peductlon in LVAs (both p<0.001). The group naceMng 2x1 OS endotheited pragenHor ceils demonstrated still 60% 
greater recovery In LVEF and reduction in LVAs (bt^ p<0.001). 

(C) Ssctton from Infarct of reppssentatfve animai reiving 2x106 endothelial progenitor celte (angioblaets) showing 
a high frequency of cardiomyocytea staining positively for tjoth cardiac-specific froponin I and rat-specific Ki-67 
(arrows). ISlote the proximity of Ki^7-posithra cardiomyocytes to capHiarlee (armwheads). 

(D) Sections from infarct of nspresentative animat receiving 2x10* endothelial progenitor celis showing finger of 
candkjmyocytes of rat ortgtn, as ctetenmlned by expression of rat MHC class I molecutes, extending from the perf- 
infanst raglon Into the infanct zone. These ceHuiar islands contain a high frequency of myocytes staining posltVeiy 
for both cardiac-specific troponin I and fat-spedffc Ki-e? (amows). Sections from infarcts of representative animas 
receiving sailna do not show smm« frequency of dual staining myocytes. Bar graph shows that the grt>up of animals 
receiving 2x10^ human andotheHai progenitor ceils has a significantiy higher index of cell cycling cardiomyocytea 
at the peri-inferct region than saJIne controls or sham operated animals (both p<0.01). No dfference between the 
groups is seen at sites distal to the infarct. 

{E> shows that the Index of ceil-cycling cartiomyocytss at the peri-infarct rim was incf«ased by a further 1.9-fold 
when 2x1 OS human endothelial progenitor ceils were intravenously co-acknlnistered together with SDF-1 injected 
directly intothe Ischemic ntyocardlum alone (p<0.01 ). or an 8-fold cumulative increase in celNcydIng candiomyocytes 
at two weeks compared with LAD-ligated controls receiving safine (results are expressed as mean + sem of three 
separate experiments). 

(F) shows that intravenous co-administration of anti<;xCR4 mAb, or Intracardiac co-administration of SDF-1, but 
not IL-8, results In 2.8 to 4-foid greater LVEF improvement, detemiined by echocardiography, con^ared with intra- 
venous injection of 2x1 endothelial progenitor cells alone (p<0.01 ) (results are expressed as mean + sem of three 
separate experiments). 

(G) shows th^ at IS weeks the mean proportion of scai/hormal left ventricular myocardium in rats receiving either 
or 1 0S endothelial progenitor cells together with antl-CXCR4 mAb was significantly mduced in comparison to r^ 
receiving either lO^ or 10^ endothelial progenitor cells (angioblasts) alone, or safine (p<0.01). The group receiving 
2.0 X 105 endotheiiai progenitor cells demonstrated still 38% greater reductton in the ratio of scar/muscle tissue 
(results are expressed as mean + sem of three sepaiats experimentB). 

(H) Secttons of rat hearts stained with Messon's trfchronw at 16 weeks after LAD ligatten and Injection of 2.0 x 10^ 
G-CSF mobilized human cells containing 1 0^ (left) or 2.0 x 1 0^ (right) CD1 1 7*»*sht endothelial progenitor ceiia. HemtB 
of rats receiving 10^ endothelial progenitor cells had greater loss of anterior wall mass, collagen deposition (lighter 
gray), and septal hypertrophy compared with hearts of rats receiving 2.0 x lO^ endothelial progenitor cells. 

IP0441 RgureS: This figu re shows mRNA expression of three genes in the ischemic rat hearts at various time points. 
You will see ttiat at 48 hours and 2 weeks after LAD ligation and ischemia, HBP23 (the rat homok)gue of human PAQ/ 
NKEF-A,B,C, allot which arepartof the family of peroxtredoxlns (Pn<)) Is decreased, and vitamin 03 upreguiated protein 
VDUP-1 Is increased. The early (48 hour) reduction in PRX and Increase In VDUP-1 results In a campensatory Increase 
in tMoi reductase thksredoxin (TRX). Note that endothaliat progenitor C6» therapy reverses this pattern of mRNA expres- 
skin. 

Figure 8: DNA sequence (SEQ ID NO: 1 ) con^ponding to mRNA encoding VDUP-1 . 

Figure 7 : This figure shows catalytk: DNA 5'-AT-3' cleavage sites on VDUP-1 ONA (SEQ ID NO:3) corresponding 
to the coding region of VDUP-I mRNA. Cleavage site pairs are uppercase. 

RgureS : This figure shows catalytk: DNA 5'-<3C-3' cleave^ s'rtes on VOUP-1 ONA (SEQ ID HO:3) corresponding 
to the VDUP-1 RNA. Cleavage site pairs are uppercase. 



P^g"''« 9- "This figure shows catalytic DNA S'-GT-S' cleavage sites on VDUP-1 DNA (SEQ ID NO:3) correspondktg 
to the VDUP-1 mRNA. Cleeivage site pairs are uppercase. 



Rgure 10: This figure shows catalytic DNA 6*-AG-3' cfesvage sitea m VOUP-I DNA {SEQ iD NO:S) cotrespOfKAi^ 
to tha VDUP-1 mRNA. Clfiavag« stta p«im ar« uppsroastt. 

FtauwH: This figura shows sites which can ba desvad by m hammsrttsad rtsozyme in VOUP-1 DNA {SEQ ID NO: 
3) comttpontSf^ to 1h« VDUP-I RNA coding region. Uppmm T reprssents demags sita 

F\mfm 12: This ff^re shows that at VDUP-1 enzyme ooncerrtradons ranging from O.OSjiM to Sf^m the sequencs- 
spodf ks VDUP1 DNA enzyms cleavsd asynth^ic rat VDUPl oifgonuelaotlda In a concentrmion- and time-depandent 
manner. 

Rflure 13 ^a) :Sho¥va intramyocardlal Injecfion of the rat sequanca-spedffc VDUPl DNA enzyme at 48 hours after 
LAD ligation msuited in a 75% mean inhibition of pronfarallng caniiac fibrobiasts in the infarct zone two weeks later 
in comparison to Injection of scrambled DNA enzyme controi {p<0.01 ). (b) Shows injection of VDUPl DNA enzyme 
nssuitad In 20% mean raductkMn in apoptotiG cardlomyocytes at the peri-infarct region relative to ln}ection with the 
^ran^ied DNA enzyme contrQl (p<0.Q5). 

Figure 14(a) Shows Inhibition of flbrdalast proliferation and cardlomyocyte apq3tosi8 resulted In significant reduction 
of mature scar deposition In the infarct zone, from a mean of 3S% for animals receiving control scrambled DNA 
enzynw to a mean of 20% for those receiving VDUPl DIMA enzyme <p<a01). (b) Shows annals receiving VDUPl 
DNA enzyme demonstrated a 50% mean recovery in cardiac function, as dstennined by ejection fraction, whemas 
no Nftiprovement was seen In animals receiving scrambled control DNA enzyme (p<0.01) 

Figure IS (a> :Show8 that Q-CSF, when used systematically at the ^me dosages after myocardial Infarction, Is a 

more podant induear of cardiac neovascularization tfian GM-CSF. 

(B) Shows Q-C8F is a more patent inhibitor of cardlomyocyte apoptosis than QM-CSF. 

Figure 16(a) :Shows G-CSF is a more potar* kiducer of oardionrtyocyte regeneration than GM-CSF, and (b) shews 

that G-CSF enables signiffcantly greater recovery of cardiac function after acute myocardial infarction. 

Rgure 17 {ay rShows intravenous administration of anti-CXCR4 monoclonal antlboc^ after acute myocarelial infarc- 
tion induces slgnlfieantly greater numbers of blood vessels at the peri-frifarct region, (b) Shows the greatar recoveiy 
of cardiacftnyocardial function timn with control antibodies. 

Figure 18 : Shows myo<^Rdial expression of SDF-1 mRNA Increased by two weeks, but not within the firei 48 houre 
after myocardial Infarction, and is inhibited by suboutaneously injecting QM-CSF. 

Roure 19 faV. Shows intramyocardlal Injection of SDF-l Induces neovascularization at the perl-lnfarct region and 
(b) protects cardiomyocytes at the perl-lnfarct region against apoptosis. 

Figure 20(a) : Shows Intramyocardlal administration of SDF-l alone, and synergistically with GM-CSF Induces 
cardtomyocyta regeneration atthe pari-infanA ra^^n. and (b) Inprovea cardiac function. 

Figure 21 {a) : Shows Human angtobiasts. or endotfielial progenitor cells, Induce neovascularteation as early as S 
days post-infant, (b) Shows Human angtobiasts, or endomeliai progenitor ceHs protect peri-lnfarct cardlomyocytes 

ac^lnst apoptosis as early as 5 days post Infarct 

Rgure 22(a): Shows animals receiving human bone man-ow-derlved CD34+ ceils demonstrated numerous ctustere 
of small, cycling cells at the peri-htfarct region that were of rat origin, as defined by a monoclonal antibody specific 
for rat Ki67, (b) Shows tissues obtained from animals sacrificed at two weelo after human CI334+ administration 
no longer demonstrated clusters of small, cycling cardlomyocyte progenitors, but Instead a high frequency of large, 
mature rat cardiomyocytes at the peri-lnfarct region with detectable DNA activity, as detennlned by dual staining 
with mAbs reactive against cardiomyocyte-specifte troponin and mAbs reactive against rat Ki67- (o) Shows cycling 
bjf the same staining. 

Fjgure^Showa by RT-PCR. HBP23 mRNA levels in rat hearts decreased at two weeks post-tAD Hgation by a 
mean of 34% compared with normal rat heafta. 

Rflure 24 fa): Shows a DNA enzyme against HBP23 cleaved the 23-bas« oligonucleotide synthaslzad from tha 
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sequenoe of rat H0P23 mRNA, tfi it dote- and tImsHiependent manner, (b) Shows densftometric analysis of RT- 
PCR products toJkminQ mmrtm tmntcrtption of cellular mRNA, demonstrating the HBP23 DNA enzyme Irtfilbt^d 
steady-^tate mRNA tevete In cuitursd mtceite by over 80% miath/e to the scrambied DNA. 

* Figure 2S{a) Shows HBP23 DNA enzyme had no effect on Inductton of neovescutarizaBon by human bone marrow 

angloblasts, no Increased ntyot^rdlal cg^jlliary density In c««npartson to saline contnatis la seen, (b) Shows in]«sdon 
of the H8P23 DNA enzyme, but not the scrambled control, abrogated the anti-apoptotie effects neova^jularization. 
(c) Shows Injectton of the HBP23 DNA enzyme, but notthe scrambled control, abrttgated the Improvement In cardiac 
function. 

w 

Detatted O^K^rtoUen 

IQQ^l As used herein, •VEQP is defined as vascular endothelleU growth factor. "VEGF-R" is tteftned as vascular 
endothetial grammh factor receptor. *i=GP is defined aa fibroblast growth f^or. 'IGF" is defined as Inauiln-fika growth 
IS factor. "SGP 18 defined aa stem call factor. "G-CSP la defined as granulocyte colony stimulating factor* "M-CSP la 
defined as macrophage colony stimulating fflffitor. *GM-CSF* defined as granulocyte-macrophage colony atimulattng 
factor. "MCP" Is defined aa monocyte ch^oattractent protein. 

[0046] Aa used herein 'angioblaats' la synonymous with the term *endothelia] progenitor cells'. 

{|00473 As used herein. 'CXC chemotdns radsis to the structure of the chenwkine. Each *C" represents a cysteine 
50 and "X" represents any amino acid. "CXCR4" iwters to CXC receptor 4. 

lOOASl As used herein, "CC chemokine refers to the structure tA the c*iemoklne. Each "C* represents a cysteine. 

[00493 A "candiac progenitor cell" refers to a cell that Is resident In the heart; orthat comes into the heart from elsewhere 

after acute l^hemla, is smaller than mature cardlomyocytee, expresses alpha sarcomeric actin but te negative for 

troponin, Is n<^aliy quiescent but can be induced to go Into ceH cycle as defined by posUfva Ki61 staining. "CarcRac 
SB pmgenltor cell" may be used synonymously with "cardiomyo(^e progenitor cell", 

[0050] 'Catalytic' shall mean the functioning of an s^ntas a catalyst. La. an agentthat increases the rate of achemical 

reaction without rtsetf undergoing a pennanent structural change. 

[00511 "Nucleic sKsId" shall Include without limitation any nuclei acid, including, without limitation, DNA, RNA, oligonu- 
cleotides, or polynucleotides, and analogs or derivatives thereof. The nucleotides that fomn the nucleic add nray be 

30 nucleotide anatosp or deriv^ives thereof. The nucleic add may Incorporate non nucleotides. 

C00523 "Nucleotidas- shall inciuda vtmhout iinntallon nudaotldaa and analogs or derivativaa thereof. For example, 
nucteottdes may comprise the bases A, C, 6, T and U, as well as derivatives thereof. Derivatives of these bases are 
well known In the art, and are exemplified In PCR Systems, Reagente and Consumabtes (Perkln Ekner Catalogue 
^9^-^997, Roche MoI€k:u jar Systems, Inc., Branchburg, New Jersey, USA). 

35 I1Q053] "ProliferatkJn" and "regeneraHon" are used synonymously when referring to cardlomyoc^fees In this appik»tion. 
"Proliferation* In respect to canflomyocytas, shall mean a fold increase \n proportion of cardiomyocytss entering the ceil 
cycle relative to untreated nit heart 

[(ra54] "Trafffcklng" means the blood-borne migration of cells, in particular angioblast/endothellal progenitor c^lls. 
[005S] This Invention provides a method of treating a disorder of a subject's heart Involving loss of cardiomyocytss 
^ which comprises administering to the subject an smount of an agent effective to cause ca(tliomyo<^e prolifemtlon within 
tlie subJecTs heart so as to thereby treat the dtsorder. 

[00561 In one embodiment the agent Is human endothelial progenitor cells. In one embodiment the endothelial pro- 
genitor cells are bone marrow-derived. In another they are derived from cord blood, or embryonte or f^ai soutces. 
Effective amounts of endotieiial progenitor cells suffblent to cause caretiomyocyte prollferatkm can be done based on 

*s animal data using routine computational methods. !n one embodiment the effective amount Is about 1 .5x1 0* endothelial 
progenitor cells per kg body mass to about 3x1 0^ per kg body mass. In another wnbodiment the effective amount is 
about 3x1 per kg body mass to about 4.5x1 QS endothelial progenitor cells per kg body mass. In another embodiment 
the effective amounA la about 4.5x1 0^ per kg body mass to ^ut 5.5x1 (fi endothelial progenitor cells per kg body mass. 
In another embodiment the effective anrtount is about S.SxIQS per kg body mass to about 7x10* endothelial progenitor 

50 cells per kg body mass. In another embodfrnent the effective amount is about 7x1 0^ per kg body mass to about 1 x1 (fi 
endothelial progenitor cells per kg bocfy mass. In another embodiment the effective amount Is ^ut 1x10^ per kg body 
mass to about 1 .5x1 0« endothelial progenitor cells per kg body n^s. In one embodiment the effective amount of human 
endothelial progenitor cells is befewaen about 1.5x10^ and 4.8x1 0^ endothelial progenitor eels per kg of ^e subject's 
body mass and In a prefened embodiment the effective amount is about 5x105 endothelial progwiitor cells per kg of the 

^ sidsjecfs body mass. 

[0057] In one embodiment the endothelial progenitor cells are allogeneic with r^pect to the subject. In cSffering 
embodiments the subject Is an adult or an embryo or a fetus, in another embodiment the endothelial progenitor celts 
ara derived from doned autotogous embryonk: stem celts. 
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[OOSII] In one embodifnent the agent Induce* expression of e mRNA encoding a peroxiredoxin. The expression of 
penoxtradoxInmRIM maybe iT^reased, for exfl^ jayadmlnlstretion of 2(3)-t-butyf-4-hydro>tyenl®ole (BHA) (see t06) 
whidi has been shown to increese repression of PerojdredOxln-1 when administered by diet Aitemativefy, local control 
of Og can hatve the same effect (see 1 07). Peraxiredoxin mRNA expression, such as that of Ihloi perojdoteses, may also 
be induced by heme, cadmium orcobaft (see 108). Peroxiredoxine ^hide, but are not nmttedl». PAQ, HBP23, MSP23, 
NKEF. 

{(Xmi In another embodiment the agent induces expression of a mRNA encoding NP»E2-related l&ator 2 {Nrf2). 
Cytomplasmic NF-E2-related factor 2 (Nrffi) expression can be Indirectly Increased by mfelng free Nrf2 levels. Since 
Nrf2 Is tight^ bound to keapl In the cytopii»m llien reducing expression of keapt mRNA Is a sutable target e.g. ti^ 
keepi antfsense oligonucleotides or cs!aly»e nuclete acidls (see 109 for keapl). Also. bh)cklng the Refaction betimen 
Nr^ and Keapl by inhliltlng the Interaction of the Neh2 domain of Nff2 and tha DGR domain of keapl . e.g. by using 
the entire Neh2 domain of nr^, amino ^ds 1 *73, or only the hydrophillc region, amino acids 33-73 (see 1 09) will ircrease 
free cytoplasmic Nrf-2. In another en^odiment the agent Induces di^ocfation of a Nrt2 pmteln from a Keap-1 . In another 
embodiment the agent tnhlifts association of a Nrf2 protein with a Ke^l. In another embodiment the agent InhBbRt 
association of a thiol reductase thioradoxin with a VDUP-i protein. In ano«ier embodiment the agent \nmM c-Abi 
tyrosine kinase activation, in a further embodiment the agent is STI-671, 

PHJ603 In one embodiment the agent is a CXC chsmokine. I n further embodiments the agent is Stromal-Derlved Actor- 
1 , 11-8 or Gro-Alpha. In one embodiment the amour* of CXC chemokine administered Is between 0.2 and 5|Ag/ml at a 
max volume 0* 1 0mifor aTOkg human subject In a preferred embodhnentthe amount Is about 1 M-g/ml. In one embodiment 
the agent Is an Inhibitor of plasminogen acftVator InhibHor-l. In another embodiment the agent is an antibody directed 
against an epitope of CXCR4. In one embodiment the amount of antibody directed agairHit an epitense (rf CXCR4 ts 
between 26 and 7Sjj.g/ml, at a max volume of 10ml for a 70kg human subject. A simple calcul^on Is pertbrmed for 
subjecte of different mess. In a preferred esnbodknent the amount Is about SOjig/ml. 

Rn dtfferring embocHmenta tha agent is Stromaf-Oertved Factor-1 alpha or Sfrontai-Derlved Factor- 1 beta. In differing 
embodiment» the chemokine can be administered intramyocardiaily, intracoronary, and/or via a stent, a scaffoki, or as 
a slow-release fomiuiation. 

tOO«13 in differing emboc^er^ the agent G-CSF, CM-CSF, or a Gro famBy chemokine. In a further embodiment 

the a^nt is Gro alpha 

t0062| In a ftjrther embodiment tha instant mettiod ftjrthar comprises administering an effective amount of a second 
agent that increases thecareliomyocyte proliferation caused by the human endothelial progenitor cells. Effective amounts 
of the second agent are amounts sufficient to enhance or accelerate cardtomyocyte prollf^M»tton In the presence of 
administered endotheilal progenitor celte. In further embodlmentB the endothetistf progenitor ceNs express GD1 1 7, CD34. 
AC133 or a high level of Intracellular GATA>2 activity. In one embodiment the admintstaring comprises injecting 
into the subject's peripheral circulation, heart musde. left ventricle, right ventrtele, coronary artery, cerebio-splnal fluid, 
neural tissue, Ischemk: tissue, or past-lschemlc tissue. 

[00831 In one embodiment the second agent is an antisense oligonucieotlde which specifically inhibits transiatton of 
Vitamin D3 Up-Regulated Proteln-1 (VDUP-l)mRNA. 

P30841 Therapeutically useful targeted inhibition of VDUP-1 protein (SEQ ID NO:2) expression can be achieved through 
the use of antisense oligonucleotide. Antisense oligonucleotides are small fragments of ONA and derivatives thereof 
complementary to a defined sequence on a specified mRNA. A VDUP-1 antisense ol'^onucieotlde specifically binds to 
targeta on ^ VDUP-1 mRNA (SEQ ID NO:1) molecule and In doing so InhibU the banstatkm thereof into VDUP-1 
protein (SEQ 10 NO:2). 

[0085] Antisense oligonucleotide molecules synthesized with a pho^horothioats backbone have proven particularly 
resistent to exonuciease damage compared to standarel deoxyribonucleic adds, and so they are used in preference. A 
phosphorothloate antisense ofgonucleotlde for VDUP-1 mRNA can be synthesized on an Applied Blosystems (Foster 
City, CA) model SaOB DNA synthesizer by standard methods. E.g. Sulfurlzaflon can be perfomied using tetraethylthiuram 
dlsuHlde^aoetonltrlle. Following cleavage from controlled pore glass support, oilgodeoxynucleotldes can be base de- 
blocked In ammonium hydroxide at 60»C for 8 h and purified by reversed-phase HPLC [OJM triethylammonlum bicar- 
bonate /acetonitrile; Prop-1 support]. Oligomers can be detrltyiated In 3% acetic acid and precipitated with 2% llthium- 
perchlorate/acetono, dissolved In sterile water and reprec^lteted as the sodium salt from 1 M NaCI/ethanol. Concen- 
trations of flie full length species can be detennined by UV spectn>^x)py. 

[0066] Any other means for such synthesis known In the art may additionally or altematlvely be employed, ft Is well 
known to use similar techniques to prepare oligonucteofides such as the phoaphorathioates and altylitted derivafives. 
CPOST] Hybridization of antisense oligonucleotides wfth VDUP-1 , mRNA Interferes with one or more of the normal 
functions of VDUP-1 1 mRNA. The functions of mRNA to be Interfered with Include all vital functions such as, for example, 
transkxjation of the RNA to the site of protein translation, transiatton of protein from the RNA» splicing of the RNA to 
yiekJ one or more mRNA species, and catalytte activity which may be engaged In by the RNA. 
PKW8] Preferred modtfted ollgonucleotkle baddKMies include, tor example, phosphorothtootes. chlrai phosphorothio- 
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ates, phosphofodWiioates, phosphotHesterts, aminoaJIq^lphosphotrt^tefi. methyl antfotharalkyl pho^honates Irtcludlng 
3'-alkyfen9 phosphonates, S'-aHcytone phtMiphonmtas and chlrai phoaphonates, phosphlnates, phosphoramldates indud- 
ing S'-Bmlno pho^honamlctete and amNioalNytphosphoramWates, thiofiophosphoramidates, thionoatkyfphosphonates, 
thionoalkyjphosphcHrt^ers, s«ienopho«phates and bomno-phosphatea having nom«it3'^' Ilnkag0a.2''6' Hnkedanaldga 
of th^e, and thosa having inverted polar^ wherein one or mora irrtamucteotfda finkagaa a 3' to 3*, 6* to 6? or 2r to 2' 
linkage. AMo, Ditgonuciaotldaa having tnvartad poteilty comprtea a slngla 3' to 3' Hnkage est th« 3'-mo«t [iftamucittotida 
Unkage l.a. a singta inverted nucleoside residue which may be abasb (the nucteobasa is missing or has a hydroxyl groi^i 
In place thanaoO ana included. Varioua saHa, mixed salts and free acid forma ara also included. 
|t}069] Repraaantatlve United 8U^ pmm that teach the preparation ttia above phoaphonja-<»n»inlng limtagea 
Include, but are not limited to, U.S. Pat. Noa. 3,687,808; 4.468,863; 4.476,301; 5,023,243; 5,177196; S 188 89? 
5,264.423; S.276.019; S.278,3(S; S.286.717; S,321,131; 6.399.676; S.4(K,939; 5.4S3,496; S,466.233; 5,468.677; 
5,476,925; 5.519,126; 5.536,821; 5.S41.3(^; 5.650,111; 5,563,263; 5,671,799; 5,587.381; 5.194,599; S^SeS^SSS; 
5,527,89^ 5,721 ,21 8; 5,672,697 and 6,626,060, certain of which ara commonly owned wfth tWa application, and each 
of whic h is herein Incorporated by ratorance. 

iWm In aocottianoe with thb Invention, persona of ordinary ekIH in the art will undaretand that measenger RNA 
includes not only the Information to encode a prtstein using the three letter genetic code, but ateo assodated ribonixjle- 
o«dea which form a region known to auch persons as the 5'-untranslatsd region, the 3'-untranslated region, the 6' cap 
region and intron/exon junction rtoonudeotldea. Thua. antiaenaeoiigonucieotides ortiie catalyfic nucleic acids described 
baiow may be formwastad in accordance with thia Invention which ara targeted wholly or in part to these a^oclated 
ribonucieotldea aa w^ aa to tha information^ rfbonudaondaa. The antlsenae oligonucleotides may therefore be specif- 
icaily hybridizafale v«dth a transcription Initiation site region, a translation initiation codon mgion, a 5* cap region, an inlron^ 
axon junctk>n, coding saquencas, atranslation termination codon region oraequencaslnthaS'-orS'-untrenslBted region. 
Simllarfy. tha cata^tio nudeic acids may specifically cleave a transcription initiation site region, a translafion Initiation 
codon region, a 5' cap region, an Intron/exon Junction, coding sequences, a tmnslatloft tofmlnation cocton region or 
sequences In the 5*- or 3'-untranslated region. As is known in the art, tha translation Inlfiation codon is typfcally 5'-AVG 
{In transcribed mRNA molecules; 5'-ATQ in the corresponding DNA mofeade). A n^nortly of genra have a tran^ion 
Initiation codon having the RNA sequence S'-GUG. 5'UUG or 5"-CUG, and ff-AUA, 5'>11 QQ and S'-CUG have bean 
shown to function In vivo. Thus, the term tnanslation initiallon codon" can encompass many codon sequences, even 
though the Initiator amino add In Qm^ Instance Is typically methionine In eukaryot^. it Is also known In tha art that 
eukaryotic genes may have two or more altem^ive translation Initiation codons, any one of which may be preferentially 
utilized foriransiatton initiidion in apartkiularcaltypaortisaue, orundar apartkniiaraatoToondttiona. in tha context of 
the invention, Iranalatton hnftlation codon" refers to the codon or codona that am used in vivo to initiate translatbn of an 
mRMA molecule transcribed from a gene encoding VDUP-1, regardless of the sequence(s) off such codons. it Is also 
known in the art that a translation temminatton codon of a gene may have one of three sequences. I.e., 6'-UAA, 5'-UAG 
and 5'-UGA (the corresponding DNA sequences are 5'^TAA, S'-TAG and S'-TGA. respectively). The'tefm translation 
initiation codon region" raferatoapOfticNK^such an RfMA or gana that encompaases from about26to about 50 contiguous 
nudeoHdaa in eKhar dlractkm (I.e.. & or 3') from a translation InMation codon. This ragton Is one preferred target region. 
Similar^, thetemn "translation termination codon re^on" refers to a portion of such an mRNTI or gene that encompaaSM 
from about 26 to 84x>ut 50 contiguous nucleotides In either direction (i.e., 5' or 3') from a translation temik«rtion eodon. 
This region la also one prefenad target region. The open reading frame or 'coding region," which Is known in the art to 
rafartotiw between the translation initiation codon and the translation temriln^ion codon. is also a region whk:h 
may be targ^d effective^. Other prefen-ed target regions Indude the 5' untranslated region (5'UTR), known In the art 
to refer to the portton of an mRNA in the 5' direction from the translation inftiatfon oodoiv and thua including nudaotidaa 
between the 5' cap site and the translation initiation codon of an mRNA or conesponding nudaotkfaa on the gene, and 
tha 3' untranslated region (3'UTR). known In tha art to refer to the portion of an mRNA in tiie 3' direction from the 
tranaiatbn temilnation codon. and thus including nudeotides between the translation tenminatlon codon and 3' end of 
an mRNA wcorre^ondlng nudeotides on the gene. mRNA splice sites may also be prefenad target regions, and ara 
particuiariy usafui In situationa where abarmntspiteing ia lmpik»tad in cBaaasa, or where an ovaipreductton of a parfieuiar 
mRNA splice product la impRcatad in diaaaaa. Abenant fusion Junctions due to reanangements or ddetions may also 
be preferred targets. 

IP071 1 Once the target site orsites have been identified, antisense oligonucleotides can be chosen which aresuffidenlly 
complementaty to Oie target. I.e.. hybridize sufffclentiy well and with sufRdent specificity, to give the desired disruption 
of the function of lha moiacula "Hybrtdization-, in tha context of this invantton. maana hydrogen bondina also known 
aa watson-Crick base paWng, between corrpiamentary bas^, usiMiiy on opposita nucleic acid strands or two reglona 
of a nucleic acid strand. Guanine and cytosine are examples of complementary bases which are known to fonn three 
hydrogen bonds between them. Adenine and thymine are examples of complementary bases whfch form two hydrogen 
bonds between them. "Speciflcaily hybrfdizable" and "complamantaiy" are temia whteh ara used to Indicate asuffidant 
degree of compiamentarityauch that stable and spadfic binding occurs between the DNA or RNA target and the cataiytb 
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nudelcscid*. Slmllariy, catalytic nudeks adds ar« symheslzed once cleavage tergetsltes on the VDUP-i mRNAmol^ule. 
(0072] It la pnif«rred to admlntalttr amlsentft oHgonudeottdts or cataryflc nucleic adds or analog thereof or cthar 
agents to mammals suffertng irom caidfovascuiar clt«eas0. hi mmr native form or suspended In a carrier medium in 
amounts and upon treatment echeduies which are effecth^tothsrap«ijtk»flytr»atth«niamnrwtetor«duc»thec^^ 

s effect of c^rdovascuiar disease. One or more different catalyee nuclide adds or antl8en» ollgonudecrtidee or analogs 
tfiereof targeting dlffefent sections of the nudeic add «equenoe of VDUP-1 mRNA may be admfnietefed together In a 
single dose or in different doses and at different amounts and times d^ndlng upon the demred thempy. "Hie catal^te 
nudeic Bd<ia or amisense ollgonudeotides can be administered to nwnmals in a manner capable of getSng the oiigo- 
nudeotidee initially Into the blood stream and si^ssequentiy into celts, or aitematfvely In a manner so as to directly 

10 introduce the catalytic nudete adds or antisense oligonudeo^des Into the ceHs or grou^ of ceils, for example caidio- 
myocyt^, by such means by eiectroporatlon or by drred injedion Into ttie heart Antisense oll^nudedldes whose 
preserK^e in ceils can inhibit tmr«cr!p^on or protein synthesis can be administered by Intravenous Injection, intravenous 
drip, subcut^eous, intraperiloneai or Intramuscular injection, orally or redally. Human pharmacokinetics of certain 
antisense oHgonudaotldes have been studied. See (10S) Incofponated by reference In its ent^. It within the scale 

IS of a penson's sidil In the art to detsnmlne optimum dosi^ and treatment adiedtries for such treatment regimens. 

PMI73J Any of the agents ^pioyed In this Invention can be administered Intracoronary or intmmyocartfiai ly, for exarr^le 
by injection. The agents can t>e delivered In various means as otherwise discussed, including by stents, such as drug- 
eluting stents, and in time-release fonnais such as slow-release. Where the agents are proteins, including but n<^ limited 
to SDF-1 , G-CSP, GM'CSF, and VEGF. the agents can be a<frninlstered directly or indirectty, or may be administered 

30 via Induction of gene expre^lon, through gene therapy, adanovlrai delivery and other such methods familiar to those 
sldfied in tfie art 

[CK)74] Doses of the oligonucleotides or analogs thersof of the present invention in a pharmaceutical dosage unit wilt 
be an eff fcacious, nontaieic quantity administersd to a human patient in need of cardionrryocyte regeneration {or inhibition 
of VDUP-1 expression) from 1 -6 or more times daify or every other day. Dosage is dependent on severity and respon- 

^ siveness of the effects of abnonnaf cardiovascular disease to be treated, with course of treatment lasting from severaJ 
days to mentis or until a cure Is effected or a reduction of the effects is achieved. Oral dosage units tor human admirv- 
istratlon generally use lower doses. The adual dosi^ administered may taice Into account the size and weight of the 
patient whether the nature of the treatmer^ is prophyladic or therapeutic in nature, the age, weight, health and sex of 
the patient, the route of admlnlstraMon, and other factors. 

30 IP07S] In another aTibodlment the sec^d agent is a pna-angiogenkj agent. Infurtherembodlmentsthepro-angiogenic 
agent Is vascyar endomeBal growth fector, fibroblaflt growth factor or anglc^etin. In another embodiment the second 
agent induces expression of a pro-anglogenic facUar. in a further embodiment the second agent is Hypoxia tnducR>le 
Fador-1. 

[(K)76} In another embodiment the second agent Is a cataiytte nucleic acid which sp^ifically inhibits translation of 
3S Vitamin D3 Up-Regulated Protein-1 RNA. in a further embodiment the catalytic nudeic add comprises deoxyribonucfe- 
otides. In another embociment the catalytic nuclei add comprises Hbonudeotldes. 

pMTTJ Catalytic nudeic addnnolecutescan deave Vitamin D3 Up-Regulated Protein-1 (VDUP-1 ) mRNA {con-espond- 
ing DNA shown in SEQ ID NO:1, Figure 5) at each and any of the consensus sequences therein. Since catalytic rlbo- 
and deoxyribo- nucleic acid consensus sequences are itnown, and the VDUP-1 . Protein mRNA sequence is known, one 

^ of ordinary skill could readily constnict a catalytfe ribo- or deoxyribo nucleic acid molecule directed to any of the VDUP- 
1 protein mRNA consensus sequences based on the instant specification. In prefened embodiments of this invention 
the catalytic deoxyribonudeic adds include the 1 0-23 strudurs. Examples of catalytic ribonudete adds indude hairpin 
and hammerhead ribozyme. In preferred embodiments of this Inversion, the celalyUc ribonudeto add molecule Is fomiad 
in a hafTMtiertiead {60) or hairpin motif (51 .52,53), but may also bo formed in the motif of a hepatitis delta virus (54), 

« group I intron (60), RNaseP RNA (in association with an RNA guide sequence) (55,56) or Neurospora VS RNA (57.58.59). 
PKS78] To target the VDUP-1 mRNA (SEQ ID N0:1). {^talytfc nucleic adds can bs deigned based on the consensus 
cleavage sites S'-purine:pyrimldine-3' in the VDUP-1 mRNA sequence (104) (see figurss 6-10) for cleavage sites on 
DNA corresponding to the RNA enoo<£ng VOUP-1 (SEQ ID N0:2). Those potential deavaga sitaa located on an open 
loop of the mRNA ac»onflng to RNA fokllng software e.g. RNADRaw 2.1 are particularly preferred as targets (61 ). The 

so DNA based catalytic nuclei adds can utilize the strudurs where two sequence-spedfte amrw are attached to a catalytic 
core based on the VDUP-1 mRNA sequence. Further examples d catalytic DNA strudure are detailed In (62) and (63). 
Commercially available mouse brain polyA-RNA (Amblon) can sen^e as a tenipiate In the in vitm cleavage readion to 
test the 4rffidancy of the catalytk; deoxyribonucleto adds. Catalytic RNA, Is described above, b designed similarly. 
Hammerhead ribozymee can cteave any S'-NUH-S" triplets of a mRNA, where U Is consented and N Is any nucleotide 

ss and H can be G,U,A. but not G. For example, the sites whfch can be deaved by a hammerhead ribozyme In human 
VDUP-1 mRNA coding region are shown in figure 10. 

[00793 Cleaving of VDUP-1 mRNA with catalytic nucleic adds Interferes with one or more of the nomial fundlons of 
VOUP-1 mRNA. The functions of mRNA to be Interfared with include all vital functions such as, for example, translocation 
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of the RNA to the site of protein translation, translatiori of jMroteln from the RNA, splfcjng of tt« RNA t» yieW one or mom 
mRNA sp«Gts8, and catalytic actJvlty which may ba angled In by tia RNA. 

tao«J] The nucleotide may comprise other bases such as Inosine, deoxylnosfne, hypoxanthlne may be used. In 
addition. Isoteric purine 2'deoxy-furanoslde analogs, 2*-deo}tynebulartne or a'daoxyxanthos^, or other purine or pyri- 
mtdine analogs may ateo be u^d. By carefully selecting the bases and bm analogs* one may fine tune the hybHdteaflon 
properties of the ollgonucteoticte. For example, inosine may ba used to rscfeK^ hybrfdteeflfon speclftelty, while dlffnlnop- 
urines may be used to Increa^ hybridization sp^jlffelty. 

COOffi} Adenine and guanine may be modified at positions N3, N7, N9, 02, C4. C5. C6, or CS and stiii maintain their 
hydrogen bonding ablfl^. Cytosine, thyrr^ne end uracil may be mof^ied at positions N1 . C2. C4. CS, or C8 and stW 
maintain their hydrogen bonoBng abimies. Some base analogs have diff^mnt hydrogen bonding aitHbutas than the 

nalumiry occurring bases. For example, 2'^lno-2'-dA fonro three (3), Instead <^ the usual two (2), hydrogen bonds to 
thymine (T). Examples of base analogs that have been shown to Increase duplex stability Include, but are not limited 
to, 5'fluoro-2'-dU, S-bromo-2'-dU, 5-methyl-2'-dC, S<propynyl-2'-dC, 5i3ropynyl-2'-dU, 2-amino-2'-dA, 7-deazaguano8- 
ine, T-deazadenoslne, and N2>tmidazoylpropyl-2*<dG. 

[0CW2I Nude<^d» analogs may be created by ntodifylng and/or replacing a sugar moiety. The sugar moieties of me 
nucleotides may also be modified by the addition of one or more sub^ftuents. For example, one or more of the sugar 
moieties may contain one or mors of ttiefotltwingsubstituents: amino, alkytamino, araallcyl, heteroallcyi, heterocycloalkyl, 
aminoallsylamino» O, H, an alkyi, pofyalkylamlno, subsmuted sllyl, F, CI, Br, CN, CFg, OCFg, OCN. O- aii<yl, S-alkyi, 
SOMe. SOgMe. ONO2, NH-atkyI, OCHgCHsCHa, OCHgCCW. OCCHO, allyl, O-altyt, NO^ N^, and NHg. For example, 
the 2" position of the sugar may be mocBfied to contain one of the following groups: H, OH, OCN, O-aikyl, F. CN, CF3 
allyr, O-aMyl, OCFg. S- alkyl. SOMe. SOgMe, ONOj., NO^, N3, NHg NH-alkyl, or OCH^CHa, OCCH. whefein the alkyi 
may be straight, branched, saturated, or unsaturated, in addition, the nucleotide may have one or more of Ite sugam 
modified and/or replaced so as to be a ribose or hexose (i.e. glucose, galactose) or have one or more anomeric supirs. 
The nucleotide may also have one or mwe L-sug^ns. 

[<K)833 Representative United States patents that teach the preparation of such modmed faases/nucleosidea/nucle- 
otides include, but are not limited to, U.S. Pat. Nos. 6,248,878, and6.251.e66 which are herein Incorporated by r^erence. 
[0084} The sugar may be modified to contain one or more linkers forattachment to other chemicata such aaftuorsscent 
labels. In an embodiment, the sugar is linked to one or more aminoaikykxxy Inkere. tn another embodiment, the sugar 
contains one or more alkylamino linkers. Aminoalkyloxy and alkyiamino iinkers me^ be attached to blottn, choOc add, 
fluorescein, or other chemk;al moie^ through their amino grx>up. 

pKMB} Nudeotkle anak>gs or derlvathwa may have pendant groupa attached. Pendant groups serve a variety of 
purposes whteh Indude, but are not lifnited to. Increasing cellular uptake of the digonucieotide, enhandng degradation 
of the target nucleic add, and increasing hybridization affinity. Pendant grouse can be linked to any portton of the 
oligonudeotide but are commonly linked to the end(s) of the oilgonudeotide chain. Examples of pendant groups Include, 
but are not limited tor acridlne derivatives (I.e. 2-methoxy-6^h!oro-9- aminoacridine); cross-linkers such as psoralen 
derivathres, aajdophenac^l, proflavin. and azidoproflavlnj artlffcial endonucieases; metal complexes such as EDTA Fe 
{»), o-ph«ianthrollne-Cu{l), andporphyrin.Fe(ll): alkylating moieties: nudeases such as amino-1 -hexanotstsphytococcal 
nud^se and alkaline phosphatase; temnlnal transferases; abzymes; cholestsryl mofefles; lipophilic carriere; peptide 
conjugates; longchain alcohols; phosphate esters; amino; mercapto groups; radtoactive martcers; nonradioactive markers 
such as dyes; and poiyiysine or other pdyamtnes. In one example, the nuctek; acid comprises an oligonucleotide con- 
jugated to a carbohydnila, sulfated cartwhyobate, or gytean. Conjugates may be regarded as a way as to introduce a 
specificity into othenwise unspeclTte DNA binding molecules by covalently linking them to a seiectiveiy hybridizing oilgo- 
nudeotide. 

[0086] The catalytfc nucleic acid binding domains (i.e. the non-catalytic domeyns) or antisenae oKgonucfeotkJe may 
comprise modified bonds. For exanple intemucleosides bonds of the oligonucleotide may comprise phosphorothfoate 
linkages. The nucleic acid may comprise nudeotides having moiety may be modified by repladng one or both of the 
two bridging oxygen atoms of the linkage with analogues such as -NH, -CHg, or -S. Other oxygen analogues known in 
the art m^ also be used. The phosphorothtoata bemds may be stereo regular or stereo rendom. 
[OOflTI The oligonudeolide moiety may have oneormore of Ns sugars modified or replaced so esto be ribose, glucose, 
sucrose, or galactose, or any other sugar. Altemath/ely, the phosphorothbate oligonucleotide may have one or more of 
its sugars substituted or modified in its 2' position, i.e. 2'allyl or 2'-0-allyl. An example of a 2'-0-allyl sugar is a 2'-0- 
methyiribonucleotide. Further, the phosphorothloate oligonucleotide may have one or more of its sugare substituted or 
modified to form cm a-anomsric sugar. 

[0088] A caialyfk: nuciek; ackl may include non-nucleotide subslitiiiion. The non-nudeodde subatitutidn Includes either 
abask: nucleotide, polyether, poiyamlne. polyanyde. peptkle. carbohydrate, fipid or potyhydrocaibon compounds. The 
temi "abasfc" or "atasc nucleotide" as used herein encompasses sugar moieties laddiHi a base or having other diemk:at 
groups in place of base at the 1 ' position. 

10089] Deteimintng the effective amount (rf the iratlant nudeki acid molecules can be done based on animal data using 
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routine computational mdthodi. In om embedimertt, th© effective amount contarns between about 1 0 ng and ^out 100 
l^g of th« bwtint nudftic add moteculea per kg body irmss. In another ^bodlment. the effective amount contains 
between about 100 ng and about 1 0 |tg of the ntKjIelc acid molecutea per kg body mass. In a ftjrther embodinent, the 
effective amount conmlns between about 1 ^Lg and about 6 i&cb and in a further emtrndimem about 2 of the nudetc 

add molecules per kg body mass. 

[«H)901 In another embedment the second agent Is cardN^nyocyte pm^nltor celte. In another embedment the second 
agent is ekeiemi musde progenitor cells. Either of theses cell typeecan be ^rlvedfrom embryonic, fefeil or aduft subjects. 
t009i] In one embodtonent the second ^ent promotee trafficking of the endotheitel progenitor cede to the subject a 
heart. In a further embodbtient the second agent that promotes treffiddng is an antibody directed agtinst an epHope of 
CXCR4. 

m anotier further embodinient the second agent tfiat promotaa trafficking la a CC diemokine. In further em- 
bedments the CC chemotdne la RANTES, EOTAXN, monocyte chenrtoattfactant pnstaln-l (MCP-l), MCP-2. MCP-8. 

or MCP. 

IP003] In another further embodtment the secxmd agent that promotaa traHfteking fa a CXC chemoMne. in further 
embodiments the CXC chemokine Is tnterteukln^S. Qro-Alpha. or StR>mai>Oerlved F^or>1 . 

[0094] In one err^odlment the second agent promotes mc^ilizatton of anglctolasts into the subject's bloodstream. In 
drtf erent embodiments the agent Is G-CSF, GM-CSF, SDF- 1 , or VEGF. 

[009SJ This Invention also provides a method of detennining the susceptlbiilty of a cardlomyocyte In a subject to 
apoptosis comprising: 

(a) quantltating the amount of a mRNA encoding peroxiredoxln in the cardjomyocyta; 

(b) quantltating the amount of a mRNA encoding Vitamin D3 Up-Regulated Proteln-1 In the cardiomyocyte; and 

(c) detennining the mtio of the amount of mRNA encoding peraxiredojdn: amount of mRNA encoding Vitamin D3 
Up-Regulated Prot»te-1 . wherein a kvw ratio Indteates a high suscepdblNty of the canflomyocyta to apoptosis and a 
high raHo incficatas a tow ausceptibiaty of ttie canSomyocyta to apoptosis in the subject 

tooaei This invention also provktes a method of detamilning the suscaptbitity of a cartSomyocyta in a subjad to 

apoptosis ccHtiprising: 

(a) quantitating the expression of a peroxlrsctoxtn protein in the cardtomyocyte; 

(b) quantitating ttie expres^on of VitBirrin D3 Up-Regulated Proteln-l in tiie caretomyocytss; and 

(c) deterrrtning the ralto of the peroxlredoxin protein expresston: Vitamin 03 Up-Regulated Protein-l expression, 
wherein a low ratio indteatra a high susceptibility of the cardiomyocyte to apoptosis and a high ratio Indicates a low 
su^^pttoijrty of the cardlomycxsyte to apoptosis In the subject 

IP09?3 A ratio that is at leasttwo standard deviattons above that found in control patients with nonnal hearts is considerad 
a high ralto. QuantitaHon of axpraeston of protein in cardkxnnyocytas is parfonnad using routine methods known to those 
of skill In the Btl for example, northern and western dots. 

[00^] This Invention further provides a cardiac progenllDrceU. In an embodimenttitacardlac progenitor ceil Is raskient 
in the heart, or that comes Into the heart from elsewhere after acuta Ischemia, is wnallerthan mature cardtomyocytes, 
expresses aJpha sarcomeric actin but is negative for troponin. Is nomiajly quiescent but can .be Induced to go into cell 
cycle as defined by positive Km? staining. 

(f}099| This invention further provkies a method of Inducing ceil cycling in a cardiac progenitor cell in a heart tissue of 
a subject comprising edministaring to the sub|act an amount of an agent affactiva to induce neovascularization of the 
heart tissue in the subject so as to thereby ^duce cardiac cell cyding witt)in the heart tissue of ttia subject 
[01 00} This inventton further provides a method of Imprav^ cardiac function in a subjad comprising edministaring 
to the subject an amount of an agent effective to induce neovascularization of a heart tissue kt ttie subjed so as to 
thereby Improve cardiac function in the subject 

[0101 J This Invention fiMhar provktos a method of improving careflac function in a subjad conprising edministaring 
to tiie subjed an amount of an agent dfsctive to Induce prolifertflon of cardlomyocytes In tiie heart tissue in the subjed 
so as to thereby improve carefiac function in the subbed. 

10102] Cardiac function, or myocardial function, can be detennined by any combination of improvement In ejedion 
fradion, perfusion, redudion In anginal symptoms, improvsment in (^aitty of life, increased walking ability, longevity of 
Ufa. reductkin m heart mecfication, and/or praventton of heart failure, as this terms are normally understood in tire art. 
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An Improvement in cardJac funetioft in a subject is measured by determining an any of tfiese# factors in a sui^act before 
and after tfMttTMnt by any of th« histant nfwtliods, 

[0103] In am ©mbocfiment of the Instant metliods, ttie subject has suffered myo<sardlal l^shemia or myocardial infarct 
In different embociiments the agent is G-CSF. GM-CSF, IL-B, a Gto ftenlly chemoldne. an Inhibitor of CXCR4, or an 
inhtortor of SDF-i . In further embodiments the Inhibitor of CXCR4 is a emai motecuie or a monodorwl antibody, the 
Inhibitor of CXCR4 Is a small mol^Je and is AMD 3100, the inhibitor of SDF-I is a small moiecuie or a monoclonal 
anttoody, and the Gro family chenwklne is Gro alpha. In anottier en^odiment the inhibitor Is AMD 070. In differing 
embodiments the the Inhibitor of CXCR4 is a catalytic nucleic add. an oligonucleotide. RNAI, (RNA intefference) or a 
smaN molecule. 

[0104] This invention further providee a method of Inducing apoptosis In a cell comprising Inhibiting e^cpresalon of a 
peroxlnedoxtn in the ceil. In one embodiment the cell Is a tumor cell. In different embedments the pemxlredoxln Is 
pemxiredoxin 1. M. II. IV, or V. In one embodiment the inhibition of etqpresslon of peroxlredoxin is effected by contacting 
the cell with a caialyUc nucleic acid which binds mRNA encoding peroxiredoxin, thereby InhibHIng the expression thereof. 
In ciflierent embodiment the Inhibition of expnuelon of peroxiredox^ is effected by oontacting the ced with an am^ense 
oltgonudeotide. a monoclonal antibody, RNA interference or a small molecule. 

[010Si This invention further provides a method of treating a disorder of a tissue ceils of a subject involving foes of 
tissue cells which comprises administering to the subject an amount of an agent effortVe to cause tissue cell proliferation 
within the tissue of the subject so as to thereby treat the disorder. In differing ^bodiments the tissue is cardiac tissue, 
brain ^ue. peripheral vascular tissue, hepatic tissue, renal tissue, gastrointestinal tissue, lung tissue, smootfi muscle 
tissue. Of strkted muscle tissue. In <«ffsring embodiments the agent is G-CSF, SDF-1. GM-CSF, |L^. VEGF In one 
embodiment the agent is an inhibitor of CXCR4/SDF-1 lnter»:Sion. In further embodiments the inhibitor ia a catalytic 
nudeic acid, a nrjonodonat antibody, a antisense oligonucleotide, a smaH molecule, or RNAI. In one embodiment the 
agentis an Inducer of peroxiredoxinexpresston. Infurflierwnbodmentstheperoxiredoxinisperoxiredoxin 1. 11. Ill, IV. orV. 
[Oioai in any of the instant methods wherein the agnet Is G-CSF, tfie G-CSF be a covalent conju^te of recom- 
binant methionyi human G-CSF (Rigrastlm) and monomethoxypotysthylene glycol, such as Neulasta. RIgrastim is a 
\«mter>so!uble m amino acid protein Mrtth a molecular weight of appracim^iy 19 MtodaHDns (kd). Rigrastlm Is obtained 
from the bacterial femfientatlon of a strain of EschericNacoH trensfonrrred with a genetlcaliy engineered plasmid containing 
the human Q-CSF gene. To produce pegfilp^im. a 20 kd monomethoxypolyethylene glycol molecule is covalentty 
bound to the N-temninai methionyi residue of Filgrastim. The average molecular weight of pegf ilgrastim Is approxknately 
39 kd. Neulasta is supplied In 0.6 mL prefilled syringes for subcutaneous (SC) injection. Each syringe contains 6 mg 
pegfilgrastlm (based on protein weight), in a sterile, dear, coiortesa, preservaflve>ffee solution {pH 4.0) containing acetate 
(0.3S mg), sorbitol (30. mg), poiysorbate 2,0 (0.02 mg). and sodium (0.02 mg) in water for Injection, USP. 
[01073 This invention provides a method of treating a disorder of a tissue <^ a subject Involving apoptosis of cells In 
the tissue which comprises administering to the subject an amount of an agent effective to inhibit apoptosis of cells In 
the tissue within the subject so as to thereby treat the disorder. In one embodfrnent the agent is an Inhibitor of VDUP-1 
^resslon. In further embodiments the Inhibtor of VDUP-I expression is catalytic nudeic add. a monoclonal antibody, 
an antisense oligonucleotide, a small molecule, or an RNAI. In differing embodiment the tissue Is cardiac tissue, cer" 
ebrovascuiar tissue, or cerebrel tissue. 

[0108J This invention also provides a method of inhibiting proliferation of fibroblasts or Inflammatory celts in a tissue 
and thereby Inhibiting collagen formation comprising contacting the tissue with an Inhibitor of VDUP-1 expression. In 
one embodiment the inhH>lor of VDUP-1 expression is a catalytic nudeic add, a monoclonal antttx>dy, an antisense 
oligonucleotide, a small molecule, or an RNAI. 

[01091 In on«ernbodimemthesubjectof any of the above rrnrthods lea moinrTWi and in a preferred further embodfrwent 
the mammal is a human being. In one embodiment the subject has a <»rdiova8Cuiar disease, in further embodiments 
the subject has congestive heart failure, has suffered a myocardial infarct, has suffered myocardial ischemia, has angina, 
or has a cardiomyopathy. 

[01 10] This invention wilt be better understood by reference to the Experimental Oetalls whtoh follow, but those skilled 
in the art will readly appredsdie that the specific experiments detailed are only Ulustiativtt of the inventton as described 
more fully In the dOims whteh follow thereirfter, 

EXPERIMSf^AL RESULTS m 

CXC Chemo kines Rft:ailate Endothelial Progenitor Cell Mgreaion To The Heart. 

[01113 We Investigated the in vivo role of CXC rsceptor-ligand interactions in mediating chemolaxis of human En- 
dothella! progenitor cell to ischemic tissue and subsequent Induction of vasculogenesis. using myocardial infarction In 
the LAD-ligated nude ratmodel. As shown in Figure 1 a, Dli-labeiled human CD344- cells obtained by G-CSF mobilization 
(>98% CD34 purity, containing 6-12% CDIIT"** endothelial progenitor ceils) were selectively detected in infaicted 
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myocarrtum after Intravenous tn|ecHon, m not In myocardlufn from shEun-opemted r^. Co-^dmirjfeimtfon of blocking 
mAba t^lnst rat Cine (the rat homologue of hunwn IL-d and Gro-alpha). or against tti© hurrmn surface receptors for 
tfi««e pro-angiogenks chemok!nes» CXCRI or CXCR2. reduced myocaniial traffksklng of hurmn bone marmw-derived 
CD34+ cmM ^ 48 hours isy 40-60% rslativa to control ar^lbodlaa <p<O.Ol ), Figum lb. By two waaka* rats rao^ving himian 
CD34^. cefis demonstrated significantly tra^sased Infarct bad microvaseutartty in oomparf^ to rate receiving saline, 
Figure 1c, and this was neduced by S0% when anfl-CXCRl/2 mAm were co-admlnl^emd. Since we have previously 
shown that the vasiutogenfe properties of CD344. cells are abolteh^ after depletion of tiie minor CD1 1 7t»«a« angloblast 
fraction (7), ttiese results indkate that fay regulating angloblast migration to iachemk; tissues CXC chemokines Influence 
me development of vasculogenesis at these sites. In contrast, although drsct Intrecardiao tnjactiort of it-a or SDF-I at 
1 ,0 ^tg^ml Into non-infer«^ed hearts fiMultad In 2,3 and 2.5-1toid Increases in myocaidial infittmtion by human C034+ celte 
at 48 hours (botfi p<O.Oi ). Rgure 1 d. no vascuksgenesSs was observed at two weela under these condWons. Together* 
these results Indteate that following chemoklne-lnducsd migration to the infare* zone, differentiation of endothelial pro- 
genitorcell to mature endothelial ceils and Induction of vasculogenesis mquire additional factow, as yet undefined, whteh 
are produced under ischemks eoraStions. 

(nhrbrtlng CXCR4/S0F--1 Interactions Redirects Endothelial Progenitor Ceils to The Heart 

[01 121 Although LAD coronary artery ligation resulted In traffkjking of intravenously Injected human endothelial pro- 
genitor ceHsto the site of ischemte myocardium, it was also aocomi^^nied by increased distribution of human cells to rat 
bone marrow. As shown in Rgure 2a ,at2-1 4 days after intravenous Injection of 2 x 1 0« human CQ34+ cells bone marrow 
fhwn i^O-iigated rats contained 6-8 fold higher levels of human CDl l7*»^aM endothel^i progenitor ceils compared with 
bone marrow from normal rate. p<0.001. This was presumably due to the proilferativo effects of factor* In ischemic 
SBntm since we have prevkiusty shown that cuimre for 2 days wHh ischemte semm Increases proliferation of 
CD34+C0117»«*B« human andotheiial pmgentor c^lis by 4-5 fold (7). Bs<^use the migration of actively cycling CD34f 
celbto bonemamjwts promoted by SDF-1 producedconslltutlvely by marrow stromal cells (31), we Investigated whether 
the distribution of human 00344^0117^^*^ endothoTfai progenitor calls to techemte rat bone marrow involved SOF- 
1/CXCR4 interactions. As shown in Rgure 2b, co-administnatfion of mAbs against either human CXCR4 or rat S£>F-1 
signlftcantiy inhibited migration of intravenously administered human endothelial progenitor cells to ischemic rat bone 
mant)w compared with antl-C034 control antibody (both p<0.001). Moreover. co-a<frninlstration of mAbe against either 
human CXCR4or ratSOF-1 Increased tnafficklng of human endothellalprogenitorceHstoischemterat myocardium 
by means of 24% and 17%. res|3acaveiy {both p<0.001), Figura 2c. 

Capillary Lumen Size Is Dependent On Absolute Angloblast Numbers. 

[01 13| Wo next examined the relalionsh^j between angloblast number, nnyocardlal neovascularization, and protection 
against myo<^a apoptosia. Two days following LAD tigatton anlnnats wer» intravenously injected with G-CSF mobilized 
CD34+ human ceils reconstSuted with varying proportions of GD1 1 7*>^ endothelial progenitor ceils (1 03. 1 0^. 1 QS plus 
anti-CXCR4 mAb, 2x10*, and 2x1 OS plus antl-CXCR4 mAb). Simjlar numbers of Dll-labelled human cells wer«'datectBd 
in the Infarct zone 48 hours after Injecting each cellular population, data not shown. IndtKtlon of neovascularization at 
two weeks was measured by perfomning quantitative analysis of medium- and large-sized capillaries, defined, respeo- 
tiveiy, as having 3-e or >6 contiguous endothsRat lining colls. Medium-sized capiliarl^ had rrtean lumen diameter of 
0.020mm + O.OOZ, white large-sized capillaries had mean lumen diameter of Q.063mm + 0.004 {p<0.001 >. Notably, large- 
lumen capillaries overlapped In size wWi arterioles whfch coutal be distingulehed by a thin layer oontalning 2-3 smooth 
muscle cells of rat origin, as detemnined by positive staining with desmln and rsit iMHC class I mAbs. As shown in Figures 
3a-c, both «ie group receiving 2x1 0^ endothelial progenitor cells and the one receiving IQS endothelial progenitor cells 
plus antl-CXCR4 mAb demonstrated 1.7-fold higher numbers of medium-sized capillaries conpared with the other two 
groups (p<0.01 ). The group receiving 2x1 ffi endothelial progenitor cells additionally demonstrated 3.3-foid higher num- 
bers of large-lumen capillaries compared with the groups receiving 10^ or IflS endothelial progenitor calls (p<0.01), and 
2-fold higher numbers of large-lumen capillaries compared with the group nsceiving 1 0^ endothelial progenitor cells plus 
antl-CXCR4 mAb {p<O.Ol). As shown in F^ure 3d. co-achninlstratlon of antl-CXCR4 mAb together with the highest 
concentration of endothelial progenrtorcelis, 2x1 O^, resulted In a further 23% increase In growth of large-lumen capillaries. 
More strikingly, there was a further 2-fold increase in capillary numbers when 2x1 endothelial progenrtorcelis were 
Injected intravenously after direct intrBcardiac delivery of 1 .0 itgAnl SDF-1 into Infarctad hearts (p<0.01 ). Since no similar 
Increase In peri^infarct capillary numbere was seen after intracardiac delivery of IL-8. we interprat these rasuttsto indicate 
that the endogenous IL-B concentrations in Ischemic rat hearts were suffteient to saturate angloblast CXCR1/2 recaptore 
in vivo, whereas intrBcardiac Injection of SDF-1 resulted In a shift In the balance of SOF-1 expression between bone 
manow and heart, and conaequentiy resulted In redirected angloblast trafficking to the ischemic heart 
[0114] As shown in Rgure 3e. tfie number of apoptotk: cardiomyocytes at the inf»ct rim was slgniflcantly reduced in 
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both rms mceMng 1 0^ Endothelial pro0enil»r cells plus anti-CXCR4 mAb and those receiving 2x1 0* endothefial progenitor 
ceitecompftfid with the groufw nctMng atther lO^ orio® endothellaf progenitor calls alone (both p<0.001). Moreover, 
co-adminietrasfon of ami-CXCR4 mAte or Inti^wardfac in|e<aion of SDF-1 resuited Jn further reductions in ci^iornyocyte 
apoptoele of m% and 76%. resp^^h^ely, Rgurs 3f (both p<0.00l). Toflrther. these data ^icate thai poat'tnteict car- 
diopn&teciion against nrsyocyte ^joptoate is dependent on myocardial ne<yvaBcuiaft2atlon Inchioed by a erftteal number 
of intravenously injected an<tothejlal progenftor cells. This thraaftoid can wwantfy be lowemd by atrataglea that prevent 
enttotheliaf progenitor cell redistrtbutton tothe bonemarrow, suc^ as [nt«rupfingCXCR4/SDF-1 Intemctlona, orenhanced 
SDF-1 expression in the Ischemic myocardium. 

CaptHarv tojmert Size Aa Determtnam Of ifrorwement m Cardiac Function. 

[01153 We n&xt examined the effect of increasing the number of human endothelial progenitor cells trafficking to 
Ischemte myocardium on tong-temrt myocardial function, defined as the degree of Improvement in left ventricular ejection 
fraction (LVEF) and rwiuction in left ventricular end^systoHo area (LVAs) at 1 5 weeks after tntmnous injection, Rgures 
4a and b. No {mprowement In these parameters wm observed In the groups receiving 1 03 or 1 0S endothelial progenitor 
ceils In comparison to mta receiving saline atone, in contrast, rats reoeMng IQS endothelial progenitor ceils plus anti- 
CXCR4 mAb demonstrated significant improvement In these parametem, 22 4-2% mean recovery In LVEF and 24 
4% mean reduction in LVAs (both p<0.001). Even more striking, the group receiving 2x1 os endothelial progenitor ceils 
had a mean recovery in LVEF of 34 + 4% and a mean reduction in LVAs of 37 ^- 6% (both p<O.00l ), or 60% further 
^nprovement In both parameters. These reautts were very surprising to us since both groups of anNmais had demonstrated 
ttie same degree of neovasculartealion involving medium-sized capillaries at two weeks together w^ simitar levels of 
prot«rt{on against early apoptosis of cardlonftyocytes. This sug^ted ttiat the additional funcfional iof^-tefm Improve- 
ment rn mts receiving 2x105 human endothelial progenitor cells was related to the early development of iaige-sized 
capillaries and was medtatad through a dliTerent mechanism than protectbn against myocyte apoptosis. 

Large Capillaries induce Sustained Regeneration Of Endogenous Mvocvtaa. 

[011SJ Although myocyte hypertrophy and increase in nuclear ploidy have generally been considered the primary 
marTvnaiian cardiac responses to Ischemia, damage, and overload ( 1 .2) recent obsenmtlons have suggested that human 
cardiomyocytes have the capacity to proliferate and regenerate In response to injury (18,1 9). Therefore, we investigated 
whether the add^ Improvement In cardiac function obsenwd after injection of 2x10= human endotheltai progenitor 
ceils involved induction of cardiomyocyte proWeration andfer regeneration. At two weeks after LAD ligation rats receiving 
2x1 0 human endothelial progenitor cells demonstrated numerous "fingers" of cardksmyocytes of rat origin, as determined 
by expression of rat MHC class molecuies, extending from the peri-infarct region into the infarct zone. Similar extensions 
were seen less frequently In anlmala receiving 1 03 and 1 cs endothelial progenitor cells, and very rarely in those receiving 
saHne. Aa shown in Figure 4c the isiancte of cardiomyocytes at the peri-infarct rim in animals receiving 2x10^ human 
endothelial progenitor oeRs contained a high frequency of rstt rrtyocytes with DNA activity, as determined by dual staining 
with mAbs reactive against cardiomyocyte-specifk; troponin I and rat KI-67. In contrast, in anhtiais receiving eaBne there 
was a high frequency of cells with fibroblast morphotogy and r^ctlvlty with fat KI-67, but not troponin i, wltt*i the infewt 
zone. The number of cardiomyocytes progressing through celt cycle ^ the peri-infarct region of rats recehring 2x1 OS 
human endothelial progenitor cetis was 4O.f0ld higher than that at sites distal to the infarct, where myocyte DNA activity 
was no different than in sham-operated rata. As shown In Figure4d, anvnals receiving 2x1 0^ human endothelial progenitor 
cells had a 20-foid higher number of ceH-cycling carcflomyocytes at the pert-lnfaict rim than that found in non-infaictad 
hearts (1.19+ 0.2% vs 0.06 0. 03%. p<0,oi ) and 3.5-fold higherlhan in the same region in LAD-Rgatedoonlroia receiving 
saline (1.19 •*■ 0.2% vs 0.344 + 0,1%, p<0.0l). When 2x10® human endothelial progenitor cells were intravenously 
in^cted after (irect intracardac dalivafy of 1.0 |i,g/ml SDF-1 into infarcted hearts, the number of cell-cycling cardtomy- 
ocytes at the peri-infarct rim was increased by a further 1.9-fold compared with intravenous injectten of 2x10* human 
endothelial progenitor cells akme (Figure 4a, p<O.Ol ). Thus. Intracardiac injection of SDF-1 In comblnaHon with intmva- 
nous injection of 2x10= human endothelial progenitor ceils resulted In approximately an 8-fold cumulative increase in 
cell-cycling cardiomyocytes at two weeks compared with LAD-ilgated controls raceh^lng saline, and translated into over 
4-fotd greater LVEF improvement, detemiined by echo<»rdiogrBphy, compared with intravenous Injection of 2x1 0« en- 
dothelial progenitor cells alone (Rgure 4f , p<0.01 ). Co-admlnistratSon of anti-CXCR4 mAb augmented LVEF Improvement 
by 2.a4oUl (p<0.Ol ) white intracardiac injectton of IL-B oonfened no addHive benefit. 

[01171 QuantllHlionofthe ratloof fibroustissuetomyocytesatlSweeksdemonstratedsignificantly reduced proportions 
of scar/nonnal left ventricular myocardium In both the group receiving 2x1 0^ endothelial progenitor cells and the one 
receiving 1 0^ endothelial progenitor cells plus anti-CXCR4 mAb, respectively 13% and 21 % compared with 37-46% for 
each of the other groups (p<0.0l ), Figure 4g. Since both groups had neariy identical levels of protection against eariy 
cardtomyocyto i^ptosls. we infer that the additionai 38% reduction in scarAnyocyte ratio seen m the group injected 
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wtth 2x1 as endothelial progenitor cells actual^ refle<^ pmfifemtlon/regenemdort of endogenous mt cardlomyocytes 
incfticadfaynutrfemsupplyfram terg^-vesael neovascutertiirtlon. This presumably fiKxounts for the Increase 5n functional 
improvement seen In this jyoup. We conclude that the ratio of scar size to left ventrkjuiar muscle mass reflects. In part, 
posMve effect Imparted by m» ability of the residual it^ocareMum to prolltorattt and raganerMft. In addition to negittlve 
effect of the initial Infarct etee and posftrve effects of anti-apoptofic, cardioprotacdvB mechantams. The overail effects 
of med!um-and large-size neovaeculstfure combining to both protect against myocyte apop^ls and in«foce myocyte 
proiiferatlon/re^neradon are shown diiamatlcajly in Rgure 4h where, in contnast to saline control, injec^on with 2x1 
endothelial progenitof ceils resulted In almost complete salvage of the anterior myocardium, normal septal siza and 
minimal collagen deposition. 

Effecting Regeneration 

PAM-tnhibltinfl catatvtte nucleic acid augments human angioblast-dependent cardlomvQcyte regeneration. 

tonal We Investigated whether possibie neovascularization Induced by a catalytic nucleic acid (designated E2) ca- 
pable of inhibiting ejqsresslon of PAI-1 was associated with cafdtomyocyte regeneration. Injection of £2 alone did not 
Induce cardlomyocytes regeneratbn despite the Increase In neovasculaHzation. Combining E2 in^on with Intrave- 
nously delhrered human endothelial progenitor cells strikingly increased the degree of cardiomyocyte regeneration, to 
levels 7 Jl-fOid higherthan In saline controls (p<0.01 ). Ascrambfed DNA control enzyme (eo)hadnosuch effect Moreover, 
whereas E2 alone did not Improve myocardial fum^on, as detemilned by recovery In left ventricular ejection fraction at 
two weeks combining E2 with human endothelial progenitor cells resulted in almost doubling of the positive efftet of 
endothelial progenitor cells alone on cardiac functional recovery. These results emphasize the importance of canHomy^ 
ocyte regeneration as ttie primary mechanism by which cardiac function is improved after Infarction. Since combining 
E2 with human endothelial progenitor cells resulted In 62% greater numbers of lai^e capillaries at the peri-infarct rim 
than use of either approach alone, these results indk^te that angiobiast-lnduced cardiomyocyte regener^lon and im- 
provement in cardiac fumrtion can be optimized by use of synergy approaches, such as sUate^es that inhibits PAI- 
1 expression, which augment neovasculartzation either directly or through angioblaM-dependent precedes. 
[01 1 93 We further discovered that intravenous injection of human CD34+CD1 17bright angloblasts resulted In a four- 
fold Increase In pmliferatton/r^enerallon of rat cardiomyocyte at the peri-infarct region relative to saline controte, ae 
detonnined by dual staining for froponin and Ki67 {p<0.Ol), Combining E2 injection with intravenously delivered human 
anc^oblasts striking incrsaaed the degree of oaroBomyocyte regeneration, to levels 7.S.fold his^erthan in saline oontTois 
&)<0.01 ). The scrambled DMA enzyme EO had no such effect 

Gene effects on myocyte proBferatton 

CMaOJ Vto hypothesizedthat myocardialneovascuiarizatton inducesthe signals required to elldtmyoqrte proliferation, 
andtherapeutfc intervention mimicking this couW have striking implications for repair and regenefation of hearts damaged 
by episodes of tediemia or other insults. 

|;0121I To begin approaching this complex problem, we have employed the technique of cDNA Subtracfhra Hybrtdl- 
zatton. This technique enables comparison of the pattem of gene expression between two different se^ of conditions. 
Our InWal ^roach was to compare whbh genes are differentially exprs^ed between hearts from nom»al rats and rats 
who have undergone left anterior descending (LAD) coronary artery llgatton 48 hours eariier. We hypothesized that 
whatever the altered pattem of gene over- or underexpreaslon after 48 hours of Ischemia, neovaacuteulzatton would 
result In a reversal In the pattem towards that seen in the non-ischemfc rat heart 

101223 Using cdNA subfractive hybrtdlzatton we observed a striking reciprocal change in expression of a group of 
genes whose function is linked through their regulation of cellular apoptosis and cell cycle progression following oxidative 
stress and other inducers of DNA damage. Whereas expression of certain antkjxidant genes such as superoxide dis- 
mutese was upreguiated In ischemic tissue, the antfoxktem stress responsive genes induced by hem»i, notably heme 
binding protein 23 (HBP23) and glutath{one-S4ransferBse, were down-regulated. Moreover, a recentiy-kiemined protein, 
Vitamin D3 Up-Heguiated Proteins (VDUPl). wliose mRNA expression is induced by hydrogen peroxide (HgOg) following 
oxidative stress and whose funcBon counterbalances that of HBP23. was upreguiated In ischemk: hearts. These findings 
ars partteularty striking whenconsldered In thecontext of previous observationathatthe presence of deficits In antloxklants 
and increased oxktative stress accompanying myocanflal intend appear to be d^ectly Implteated in the pathogenesis 
of post-infarct heart failure <74.75). 

[01233 As shown in Rgure 5, using RT-PCR, ths reciprocal changes in mRNA expression of HBP23 and V0UP1 in 
ischemte vs normal rat hearts were conflmied. IWoreover, mRNA expression of these two genes retumed to nonnal in 
rat tissue two weeks after Intravenous injection of human adult bone manow-derived progenitoiB and infarct zone 
neovascularization. In contmst, in LAD-ligated rat hearts reoehring sal^e, no change in mRNA expresston of these genes 
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was obsdfvad mtm weeks in csompartson to t\m pattern oi^sfved at 4a houm. To comprehend the mlatlonshlp between 
the eftoets of neovtsc^Jlttlzalkm on the^ altemtt «Kpmssion patterns of HBP23 and VDUP1 failowlnQ Ischemia, and 
the observed ppot«stion against (^rdtomyocyte apoptosit together wittt IndiKJdon of cartfomyocyte prollfemtion/regsn- 
aratlon. it !s Important to undemiand In detalf me moiecutar affecia of the ptoducts encoded iay thasa ganaa on catluiar 
apoptoais and cai) cyda prograsslon. 

C0124I When cells prollfamte, tfie mitotic e/de prosresston is tightiy regulated by an Intrlcata network of poattlva and 
negative s^nala. Progress from one phase of the cell cyda to the next Is asntrolled by the transduction of mitogenic 
signals to cyclically expre^ed proteins known as cycllns and subsequent actlvalton or Inactlvatlon of several members 
of a conserved family of serinarnireonina protein Idnasea known as the cydlrt-dapendant kinases (cdks) (87). Growth 
arrest observed wtth such dtvarsa processaa as DNA damage, temrtlnal (Sffarantlation, and r^jiteativa sanascanca la 
due to nega«ve regutefion of ceil cycle progressfon by fturo functlonaBy distinct families of Cdk Inhibitors, the fnk4 and 
Clp/Klp families (64). The<^ll cyde InhHattory ai^lvWy of p21 CIpl/WAFi Is Intimately conflated with its nuclear localization 
and partkiipation In quaternary complexes of cell cycle regulatom fay binding to Gl cycHn-CDK through Its N-terminal 
domain and to prolHerstkig cell nudaar antigen (PCNA) throu^t its C-tein^nal domain (68-71). The latter Interactkwi 
bkjcks me abltty of PCNA to activate DNA polymenasa. the pilnc^ai repifcativa DNA polymerase (72). For a growth- 
arrested cell to subsequently enter an apoptotic pathway requires signals provided by specific apoptotic st^Dull In concert 
with cell-cycle regulators. For example, caspase-nedlated cleavage of p2l . together witti upr«gulaflon of cyclln A-asso- 
clated cdtoZ activity, have been shown to be critic^ steps for Induction of cellular apoptosis by either deprivation of grt>wth 
factore (73) or hypoxia of eaKBomyocytes (74). 

[0125] The apoptosis signal-regulating kinase 1 (ASK1) Is a pivotal component )n the mechanism of cytokine- and 
stress-induced apoptosis (7S,76). Under basal conditions, resistance to ASK1 -mediated apoptosis appears to be the 
result of complex fomiatton between ASK1 , cytoplasmte p21C!p1/WAFt (77), and the miol reductase thtoredoxh (TRX) 
(78). tmactcytoplasmk; ©(presslon of p2 1 dpi AVAF1 appearsto be Importantfor both prevention of apoptosis In response 
to ASKt (75) and in maintaining a state of terminal differentiailon (77). Moreover, the reduced form of TI=IX, but not the 
oxidized form, binds to the N-tenminal portion of ASK1 and Is a physlologte inhibitor of ASK1 -mediated cellular apoptosis 
(78). The nacently-ldentlfled protein VDUP1 has been shown to compete wUh ASKI for binding of the reduced form of 
TRX (78,79). resulting in augmention of ASKI-medlatsd apoptosis (80). This indbates that ASKi>mediatad caHuiar ap- 
optosis is increased by process^ that result In a net dissociation of TRX from ASK1 , such as etther generation of TRX- 
VDUP1 complex^ or generation of oxidised TRX by changes In cellular redox stetua accompanying oxidattve stress. 
P>126] TRX and glutattiione constituta the major cellular reducing systeitts that maintain the thiol-disulfide stetus of 
the cytoeol (81 ). The redox-acfive/dlthiol active site of TFWC is hl^ conserved across all spedea, Trp-C^-Gly^Pro^^ya- 
Lys. The two cysteine reskiues althe active sfte, Cy8-32 and undergo rsverslbte oxidation-reduction reacBona 

catalyzed by a NAOPH-dependent enzyme TRX recfcjctase. These rsacHons involve e\edtrm transfer via disulfide brldgea 
formed with members of a family of antioxidant enzymes known as peroxiredoxins (Prxs), which show peroxidase activity 
(82,83). Pnes are distinct from other peroxidases in that they have no cofactors, such as metais or prosthette groups. 
Pws generaKy have two conserved cysteines at the N- and C-tenminaf regions (84), and their antk>xidam effects are 
coupled with the phy^o|MI elec*on donor acthrfty of the TRX system (82.85. 86). Pnes with 95-87% sequence ho- 
mology have been klentified in rata (Heme-WncBng protein 23. HBP23) (87), mk» (mouse macrophage stress protein 
23. MSP23) (88) and humans (prolifeiatlon-assoclated gene product, PAG (89) and human natural kHierceil-mhancing 
factor A (90)). 

[0127] Prxs ara membens of a repertoire of uddBtlve strasa responsive genes whose expression is regulated by N F- 
E2.relBtsd fartor 2 (Nrf2) whteh binds to an anti-oxidarrt responsive element (ARE) present in the promoter of each (91 ). 
These Include glutathione-S^ransferase, heme oxygenase-1 . and TRX. Under basal concMons. Nrf2 is bound to a 
specific protein. Keapl, In the cytosol (92), However, under conditions of oxidative stress Nrt2 dissociates from Keiqal 
and translocates to the nucleus where It induces tran^^lonal activation of the anti-oxkiant genes containing ARE 
motlfe. Although the precise extracellular signalling pathways have not been elucidated, nudear translocation of Nri2 
and subsequent ARE acSvatlon appear to be dependent on pathways activated by phosphatidyllnosltol 3-kinaae (PI 3 
kinase) (93). In Mfdltlon, hemin Is a potent Inducer of NrfZ dlssodatton from Keapl. teauifing in TRX gene tranacrlptktn 
through the ARE (94). 

[01281 During periods of rapid changes in cellular redox Prxs presunmbly serve to maintain the cytosolic levels of 
reduced TRX by accepting electrons from the oxidized form of TRX. This homeostatte mechanism likely enables main- 
tenance of sufftelent leveis of reduced TRX to ensure adequate binding to ASKI and prevention of cellular apoptosis. 
If the endogenous Prx system is overtoaded, as might occur during changes in cellular redox when excess oxWized 
TRX is generated, ceNular apoptosis wnioccurthrough the unopposed effects of ASKI .To counteract this, transcriptional 
activation of Pnts must occur following oxidative stress via nuclear translocation of Nrf2. This can be achieved either by 
Nif2 dissociation from Keapl vie hemIn- and Pi3 klnase-dependent mechanisms (93,94). or by Increasing Nff2 mRMA 
and protein expression as occurs following increase in oxygen tension (95.96). 

[0129] lnaddlttontodNrBCllyinterBcttngwfthTRX.thePrxgeneprDduci»(PAG,l«P23, IMSP23, NKEF. ate) specifteajly 
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bind the SH3 donrmln of c-AbI, a non-rec®ptor tyrosine msm, immng Its acHvation by vaiiottg attmull, Including agents 
that damage DNA (97). c-AbI actlvaflon through the SH3 domain induces eltfisr arrest of the cell cyde In phase G1 or 
celluter apoptosle (88). Celt cycle arrest Is dependent on the Innate Sidlvity of e«Abl {96) and Is msdated by the ablflty 
of c-AbI to downre^jate the activity of the cyciln-ctependent klnaee Cdk2 and Induce the exyweaeion of p21 (99). The 
apoptoUc effects of c-AbI are dependent on me abilKy of nuclear c-m to pho^orylftte p73» a member of the p63 ftimily 
of tumor-euppresaor pmtalns which can Induce e^optoeis (100,101). Recently, ft has been shown that cytoptaamto, 
rather than nwslear, forrns of c-Ab! are activated by ^^i'® msults in mltochondriaJ localization of c-Abl, o- 

Abi dependent cytochrome c release, and ceMolar apoptosle following oxidative stress (1 02,1 03). By associating with 
Abi In vivo, the PAG gene praduot (and preeumabfy the other Pnm) can \nhm tyrosfrie phosphoryiation \twkx»fi t>y &• 
Abl overe)preselon and raecue ceHs from both the eytoslatie and pro-apoptolte effects of the activated c-Abl gene product 
(97). 

toiao} Our finding that Nrf2-dependent oxidative sftess responsive genes are downregule^ following myocardiai 
ischemia likely reflecte direct effects of hemin and oxygen deprivation. The end result of Pne downregulatlon in the 
ischMTiic heatt would be augmentation In ASK1 -dependent cetlutar apoptosie as weR as Abt-dependent apof^sia and 
cell cycle an^st. The olsoerved parallel Increase In VOUPi expression would further augment ASK1 ^dependent cellular 

apoptosis. Thus, the ratio In expression of PAG or other Prx mRNA or protein to VDUP1 mRNA or pmtein can fonn the 
basis of a diagnostfc assay to predct the degme of rkk for <»rdiomyocyta apoptosfs and cell cycle arrest after Ischemia, 
as well as enable monitoring of the response to spedfk; therapy after myocardial Ischemia that protects cardtomyocytes 
against apopcotic death and enhances myocardM proHferalfon/regeneratlon. 

[0131] Reversing the reduced ej^iresalon of the Prxa following myocardial Ischemia would increase Prxs in the heart 
in order to protect the ischemic myocaronum against apoptosis through both c-AbI Inhibttion and reductton of oxkJIsed 
TRX, and to enable cardlomyooyte proHteratton/regenerafion by Inhfcltlng the effects of c-AbI on cell cj^te progression 
from Q1 to S phase. 

101321 Inersaslng Nrf2 mRNA or causing dissociation of Nr^ protein from Keapl , or preferably cause both to occur 
simultaneously, in tf» ^tting of m^^iK^rdial ischemia in order to Irtcrease tran«aption and acth^fty of members of a 
repertoire of oxidative stress responsive genes whose expressbn is regulated by binding tit Nrta to an anti-oxictent 
responsive element (ARE) in their promoters, including the Prxs. TRX andg^utathtone-S-transferase would result In both 
protection of cartliomyocytes against apoptosis as well as induce cardlomyocyte cell cycle progression following oxidative 
sti'ess. 

[01331 Reducing the expression of VDUP1 following myocardial ischemia wouki protect the Ischemic myocardium 
against apoptosis by rsdudng binding of TRX to V0UP1, and consequently Incfaasing TRX-ASK1 interactions. 
[01341 Neovaseularfzatton of the myocsHxBum, by either bone mammKferived endothelial progenitor or any other 
process, Is an example of one method whfch causes inducBon of Prx exprasston «id reducUon in VDUPI expresskKi 
after myocardial ischemia, and results In both protection against redox-mediated apofstosls and induction of myocardial 
proliferation/regeneration. 

EQI^ Small molecules whkih ^lecincaily inhfoit binding of Nrf2to Keapl woufct be expected to have simiter protective 
effects against cardlomyocyte apoptosis and to induce myocardial prolferatlon/regeneratlon after Ischemia. Sbrviterly, 
small molecules that speclffcally inhibit binding of TRX to VDUP1. would be expected to have similar protective effscls 
against cardiomyocyte ap<^tosis aftsr l^^mia. 

[01381 Use of smaU molecules to speciftealty inhibit c-AbI tyrosine kinase activation after myocardial Isdiemia would 
be expected to l^ve similar protective effeeSs against cardlomyocyte apoptosis and to Induce myocardial proliferation/ 
regeneratkMi after ischenr^ A specific exannpla of a small molecule to inhibit c-AbI tyrosine kinase activation Is STi-671 . 
Use of this or related molecuies alter myocaidlat infarction wouki protect gainst cardtomyocyte apoptosis and induce 
myocardiai pronferatk>n/regenenition. 

PfMA Enzyme Spedffc For VDUP-1 Cleaves Svntheac Rat VDUP-1 Oltaonudeottde 

[01 37| By subtractlve hybridization, we found that mflfslA expresskm of the protein V0UP1 Is signincantly Increased 
in ttie heart after acute Ischemia. VDUPI has been shown to bind the cytosolte protein thhwedoxtn. TRX. whteh functkjns 
to maintain the thiol-disulfide status of the cytoeol. By binding to reduced fonns of TRX, VEMJPl prevents the ability of 
reduced TRX to undergo reversible oxidation-reduction reactions catalyzed by a NADPH-dependent enzyme, TRX 
reductase. This results in cellular apoptosis due to excessh/e cytosolte and mitochondrial production of oxygen radicals. 
[013S1 VDUPI comp9Aa» for TRX binding with another cytosolte protein that is nonraiHy bound to reduced TRX, the 
apopto^s signai-regulsting kinase 1 (A8K1). ASK-1 Is a pivotal component In the mechanism of cytokine- and stress- 
induced apoptosfe. Its activation results In excessive phosphorylation and activation of p38 MAP kinase, a principal 
mediator of cellular apoptosis. The reduced fonri of TRX, but not the oxidised fomn, binds to the N-terminal portion of 
ASK1 and is a physiologic inhibitor of ASK1 -mediated cellular apoptosis. Binding of VDUPI to TRX results In a net 
dissodatten of ASK1 from TRX, potentially resulting in augmentation of ASK1 -mediated ««>opt08i8 via p38 IMAP kinase- 
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depdndent pstiiMmya. 

P13»| With rtspMt to caroHac ov«rttxprac«ton of VDUPI , the anite^ated effect would be mom due to excessive p38 
MAP kinase actlvttlion andoxtdttthw radox ctamag«, bidudlng cardlomyoqift© apoptosis, fibnsblast profff#mfion, collagen 
sacretion and acar formation. SImitRr affttct* muM be expaetad to ba the conaequenoe of VDUPI ovemxpreaalon in 
ottier tisauaa undergoing acute or chmnfc faehen^ Injury, tor exainpte »ie br^n toitowtoig cerabmvaacular lachemia/ 

[01403 We have developed a DNA enzyrm targeting the VDUP1 mRNA. The DNA enzyme, once delivered to the 
ischemic myocardium (or other Ischemlctl^ueaauch as the bmin) can inhtoit local VDU PI mRNA and protein expreselon, 
thus reducing p3S IMAP kinaaa actlvaifaan and ojddative danage. 

101411 As shown in figum 12, at enzyme coneentnaflone rangbig from 0.06uM to 5uM *e eequence-epeciflc VDUPI 
DNA enzyme cleaved a synthetic rat VDUPI oilgonucieotide In a concentratlon«and time-dependent n^nner. 
J01421 VDUP-1 DN Azyme Reduois Rbfobiast Pmliferation And Protects Against Carcfiomyocyte Apoptosle. As shown 
in figure 1 3(a), intramyocardial injection of the rat sequenca-spedfic VDUPI DNA enzyme at 48 N^urs after LAD ligation 
resulted In a 7S% mean inhibiftMi off protlferBting cardiac flbroblaBta in the infarct zone two weeks later in comparfeon 
to iftjeclton <a scrambled DNA enzyme control (p<0.01). In addition, as seen In figure 13(b), injertlon of VDUPI DNA 
enzyme resulted In 20% mean reduction In apoptotfe cardiomyocytes at the peri-infarct region relative to Injection with 
the screunbled DNA enzyme control (p<O.OS). 

CQ1433 VDUP-1 DNAzyme f=teduce8 Myocardial Scar And Improves Cardiac Function After Acute Infarctbn. inhibition 
of fibrablast prollferafton and cardtomyocyta apoptosla raauttad In algnmcant reduction of mature scar deposition In the 
Infarct zone, from a mean of ^% few' ffiiimala receiving control scrambled DNA enzyme to a mean of 20% for those 
receiving VDUP1 DNA enzyme, figure 14(a) (p<O.Ol). Moat dramatfc was the effect on careliac function. Aa shown in 
fi^re 14(b), animals receiving VDUPI DNA enzyme demonstrated a 50% mean recovery in (srdiac functten. aa d^r^ 
mined by ejection frac^on, whereas no in^rovement was Been in animals receiving scrambled conGol DNA enzyme 
(p<0.01), 

t0144J Clearly, VDUPI DNA enzyme prevents cardlomyocyte apoptosis. cardiac fibroblast proliferation and scar for- 
mation, resulting in significant improvement in cardiac functton after acute Ischemia These effacta are presumably due 
to prevention of p38 MAP kinase acHvatton and protectton agair^ redox damage. Similar laaults might be obtained by 
admlnteteHngihe V0UP1 DNAenzymetoothertlssuestta&ofreducMl blood flow such as the brain after cerebrovascular 
Ischemia. 

<3-CSF 

[0145] G-CSF is a more potent inducer of neovascularization after myocardiai infarction than GM-CSF. As shown in 
figure 1 S(a), rats injected subcutaneously with human G-CSFat 1 0ug/kgforfour days starting at two days after myocardial 
infarctton Induced by left anterior descending (LAD) coronaiy artery ligation demonstrated approximately 7.S-fold greater 
numbers of iaige-diametef bk>od vessels at the perl-infarct region two weeks later relative to saline-treated controls 
(p<0.01). Rat GM-CSF administered at the same dosage regimen was less effective, though still Inducing 4-fold greater 
numbers of terge-lumen vessels ttian in control anhtials. 

[01461 Addltionaily, G-CSF Is a more potent inhibitor of carcflomyocyte apoptosla after myocardial infarction than GM- 
CSF. G-CSF Injection was a more potent agent for protecting against cardlomyocyte apoptosis than GM-CSF used at 
the same dosage regimen, figure 1 5(b). G-CSF adminlstratton resulted in 36 + 1 6% reduction in the numbers of apoptotic 
cardiomyocytes at the pert-infarct region by two weeks relative to saline-treated controls (p<0.01), whereas GM-CSF 
only reduced apoptotb cardlomyocyte numbers by 12 -i- 9%. 

(01 47| G-CSF is a more potent inducer of cardlomyocyte regeneratbn and functional cardiac recovery after myocardial 
infarction than GM-CSF. Next we examined the effects of bone manw mobilization on cardlomyocyte cell cycling^ 
ragener^cm and onlunctlonai cardiac r^KKJvery. As shown in figure 16(a), rats injected subcutaneously with human G- 
CSF at 1 0 ug/kg for four days storting at two days after myocarelia! infarction demonstrated 3.2-fold greater ni^nbers of 
cycling cardiomyocytes two weeks later at the pert-lnfaict region relativa to saline-traated controia ^.OS). Rat GM- 
CSF administered at ttte same dosage regimen was less effective, resulting in 2.6-fold greater numbers of cycling 
cardiomyocytes. As shown In figure 16(fa), this conflated with functional cardiac recovery. Whereas saline-treated 
animals had a 1 7% mean loss in cardiac function from day 2 to day 14 after infarction as measured by ejection fraction, 
GM-CSF treated animals had a loss of onfy 10% In canJiac function, and G-CSF treated animals actually had a 10% 
mean impfovement in cardiac functton (P<0.01). Wa Interpret thaae functional data to reflect the superior effeds of Q- 
CSF bone marrow mobilization on myocardiai neovascularization, protection against cardlomyocyte apoptosis and in- 
duction of cardbmyocyte oeli cycling. 
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Ant}-CXCR4 Afttibodle« 

{814^ Intravenous admtnisMon of afttl'CXCB4 antftKKly incraases myocardteil neo\»scu{arfz»tkm and imprQVM 
canilac function after acuta InMrcttort. Th« major mechanism by whksh G-CSF causes mobilization of bono marrow 

s slamente is through Interruption of interactions beftween til© diemoklne receptor CXCR4 on bone marrow resident stem 
ceils and Ita ligartd SDF*1> G^CSF Inducea both claavage of the N-tefminua of CXCR4 and acoumulatton of aerine 
proteasea which cBiBCUy cleave and inaetlvata SDF-l . To examine whether similar meehaniama were responslbla for 
the effects of Q-CSf administration on myocafdial neovascuiarizaflon and Improvement In cardfae function, we Inves- 
ngsi&d the affect of intennupting CXCR4-SDF1 Interactions by Intravenously administering a monoclonal am}-CXCR4 

10 antibody 4a hours after LAD ligation. As shown In figure 1 7(a) attwo weeks after antlbochFadmlnlstr^on animals receiving 
anti-CXCR4 mAb demonstnated a two-fold increase in neovaacuJarfeation at the peri-lnf arct region compared with control 
anknate receiving either saline or anti-CXCR2 mAb. Moreover, as seen in figure 17(b) antl-CXCB4 treatied artimats 
demonstrated a mean recovery in ejecaon fraction of 1 0% at two weeks whereas those receiving anti-CXCR2 mAb had 
a mean loss In cardiac function of 8% (p<O.OS). These data support the concept that the observed effects of G-CSF 

IS adminlstratfon result from Interrupting CXCR4 interactions In the bone marrow, enabling endothelial progenitor ceiia to 
be mobilized to the peripheral ctrculation, and to home to ischemic myocardium where the resultant neovascuiartzatkm 
resuits In bfnprovement in cardiac functk>n. 

SDF-1 

30 

[01481 SDF-l mRNA expression is not Inckjced early in aojtely ischemic myocardium, end fts iate tnduc^on is inhibited 
by GM-CSF. Next, we sought to identify a strategy by which the effects of GM-CSF could be augmented to af^roach 
those seen with G-CSF treatment alone, such as Increasing chemotactic signals in the acutely ischemk: myocardium. 
Since chemotaxts of CD34+ bone manttw stem ceNs is regulated by interacfions between CXCR4 racaptors on the 

2S CD34^ cells and the CXC chemokine SDF-l. we investigated whether SDF-1 mRNA expressbn was induced in the 
acutely iashemic myocardium. As shown in f^ure 18. no difference in myocardlsd SDF-1 mRNA was obsen^ed at 48 
hours after LAD Ogation in experimental animals relative to non-ischemte controls. By two weeks after Infarction, myo- 
cardial SDF-1 mRNA expression had increased by 3.3-fold compared vwith saline-treated controls (p<0.01). We inter- 
preted this delayed pnoduetlon of SDF-1 as moat Ukely reflecting elaboratton by InfiRrating cells such as nrwcrophages. 

30 In contrast, systemb GM-CSF administmtton was accompanied by approximately 4.5-fold Inhbitksn in SDF-1 mRNA 
e^qsresslon Mtwo weeks, to levels actually lower than In non-ischemte controls. Since SDF-1 is a potent chemotactic 
factor for endomelial progenitor cells, th^e data suggested that systemic GM-CSF adminl^ratJon may result in subop- 
tlmai myocardial homing of endo^eiii^ pre^enitore due to decreased myocarcflai expre^ion of ch«notactic ligands such 
asSOF-1. 

3S [01SO] Intramyocardlal injection of SDF-1 after acute myocardial infarction results in neovaecuiailzatlon and protection 
against cardtomyocyte apoptosis. To detsmnlne whether altered SDF-1 expression in the acutely ischemb heart affects 
endotf^ial progenftor oeS chemotaxte and cardtomfyocyte function, we examined the effects of direct intramyocardlal 
injection of SDF-1 protein at 48 hours after l-AD ligation. As shown in figures 19 (a) and (b), intramyocardial injection of 
4ug/kg human recombinant SDF-1 In a total volume of 0.2 ml at 5 peri-infarct sites two days post-LAD ligation resulted 

40 by two weeks in a 5-foki increase in neovascularization and a 44 4- 9% reduction in apoptotic cardiomyocytes at the peri- 
infarct region relaUve to control animals receiving intramyocardlal saline tnjecllons (both p<0.05). The effects of intramy- 
ocardial SDF-1 Injection on neovasenjlaflzetion and on ^ent of protection against careiomyocyta apoptosis were In 
strikingly close parallel to the results obtained with systemic administration of G-CSF. Although addrfion of subcutaneously 
administered GM-CSF resulted in a synergistic in^e^e in myoci^ial neovascularization, no further benefit In protection 

4s against cardiomyocyte apoptosis was obsen/ed. These results suggest that there is a finite amount of protection against 
cardiomyocyte apcptosia that can be induced by neovascularization, and that thia cannot be improved upon by further 
by hidudilon of additional new blood rassets. 

[01S1 1 lntramyocar«flal Injection of SDF-1 Induces cardiomyocyte reganeratton. As shown in figure 20(a), Intramyo- 
cardlal Injection of 4ug/kg human recombinant SDF-1 in a totel volume of 0.2 ml at 5 peri-interrt sites two da^ post- 
so LAD ligation resulted in a 4.5-fold increase in the nunnber of cycling cardlonrtyocyte at the peri-infarct regton relath^e to 
saline-injected controls (p<O.Ol). Addition of systemfc CM-CSF administration resulted in synergistic effects on canSo- 
mfyocyte regeneralkin. Notebiy. the numbers of cycling cardomyocytes at tfie peri-inferct region In animaki receiving 
comtiined therapy with SDF-1 and GM<^SF significantly exceeded those seen in aninais receiving G-CSF alone (7- 
fold versus 3.2-fokl above saline treated controls, p<0.01). Since mean numbers of large-lumen vessels at the peri- 
55 infarct region were s^llar In animals receiving combined therapy with SDF-1 and GM-CSF and in those receiving G- 
CSF alone (8.0 vs 7.5/high power field), these data suggest ^at SDF-1 enhanced canfflomyocyta cycting/rregenerBtlon 
by an alternative mechanism In addition to induction of neovascuiarization. 

I301S2] Intramyocardial Injection of SDF-1 inproves cardiac function and Is synergistk; with bone mamow mobtttzatbn. 
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Intramyocafdlfil Ejection of SDFt m«ultdd In a similar degm© of functional myocardial recovery m vtm seen wftii 
systamteQ-CSP AcftTrinlsMon (10% rman fcnpfwsment In ejecaon fraction between days 2 and 14 post-LAD ligation 
compared with 10% niaan hnprovement ter G-CSF treated animals and t7% mean loss for saitna-treated control*, 
p<0.01 for both traatm«m aims). Moat strikingly, comisming SDF-1 injection wttt Ixma manowmobtHsoition by QM-CSF 
raauttad Ni ^Wxsmtt augmentation In functional recovery (21% mean rmprwemant In ejection fraction, p<0.01). ffguie 
20(b). These data indicate that Intrafttyocaitteil administeBtion of SOF-I causes irnprovement In c^iac function aftiw 
acute ischemlatfifough two separate mechanisms, a direct mechanism which involves induction of cardlorr^ocyte cycling 
and regeneration and an indirect mechanism <^ratln9 through enhanced chenfiotaxis of mobilized bone rmn-ow^derived 
endc^llal progenitors and carcgac neoveacularfzation. Optimal nMutts are Ikeiy to be seen when combkilng Intrwny. 
oeardiai SDF-t tre^ment with the meet potant mobflfitee of bone man«w endotheiiai pmgenitofs. ineiudira Q-CSF and 
other ^nts that inhlbtt CXCR4 Interactions wfth SOF-1 in m bone marrow. 

METHODS AND MAT£R{>U.S 

iJ**"**^ PMrtftaaion andchafaclerlza»en of cvtotdne-motiiiizeci human CD344^ cells: SIngie-donor ieukopheresis prod- 
ucts were obtained from humans treated wltii recombinant G-CSF 1 0 mg^g {Amgen, CA) ^ <fejly for four d^s. Donors 
were healthy individuais undergoing standard Instlfeitional procedures of bone marrow mobilization, harvesting and 
isolation for alb^neic stem c^l transplants. Mononuclear cells were separated by Fk»ll-Hypaque. and hl^ly-purified 
CD34+ cells (>98% positive) were obtained using magnetic beads coated with antl.CD34 monodortai antlbocfy (mAb) 
(Mlltenyl Sfotech, CA). Purffled CD34 cells were stained with fluoras<»fn-conjugatad mAbs ag^nst CD34 and GD1 17 
(Becton Dickinson. CA), AC133 (MWtenyi Biotech. CA), CD54 (Immunc^h, CA). CD62E (BioSource, MA), VEGFR-2. 
Tle>2. vWF, eMOS, CXCR1, CXCR2. and CXGR4 (all Santa Cmz Biotech, CA), and analyzed by four-patameter fluo- 
rescence using FACScan (Becton Dickinson. CA). Cells positively selected for CD34 expression were also stained with 
phycoerythrin (PE)<conJugidied ar^-CDl 17 ntAb (Becton Dickinson. CA), and sorted for bright and d\m fluorescence 
usinga FacsterPfus (Becton Diclcinson) anda RE filter. lntraceHularstalnlngforGATA-2 was performed by permeabilizing 
one million ceils from each of the brightly and cflmiy fluorescing ceU populations using a Phanmlnger* Cytofbt/Cytoperm'*' 
kit, incubating for 30 minutes on tee with 1 0p.! of f iuorochrome-coniugirted mAbs against both CD1 1 7 and C034 suff^ 
antigens (Becton Dtekinson. CA). After resuspenslon In 260|il of Cytofi)tfCytoperm"*soiutton for 20 ir^utes at4de^M 
C, cells were incubated with a f luorochrome-labsied nnAb against GATA-Z {Santa Cruz Blotw^, CA) or IgG control for 
30 minute at 4 degrees C, and analyzed by three-parameter flow cytometry. 

P*"*S*1 Chemotaxis of human bone-marrow derived endothelial pwoanitefa: HIghly-pHjrtfied CD34+CD1 1 7*^ cells 
(»98% purity) were plated in 48~weli chemotaxis chambers ffttad with mwrtaranes (8 mm pores) (Neuro Probe, MD). 
After Incubation for 2 hours at 37»C, chambers were Inverted and cells were cultured for 3 hours in medium contalnir^ 
IL-8. SDF-1 afpha/b^a, and SCF at 0.2, 1.0 and 5,0 |ig/ml. The membranes were fixed with methanol and stained with 
Leukostaf (Fischer Scfenfifte, I1 1). Chemotaxis was cateutated by counting migrating cells in 10 high-power fields. 
P»1SS1 Animais. suf Bical proce<ftjres. injection erf human cells, and quantitation of cellular migrBtion into tissues: 
Rowett (mu/mu) athymic nude rats (Marian Sprague Dawley, Incfianapoils, Indiana) were used In studies approved by 
the "Columbia Unhrer^ty Institute for Animal Care and Use Committee". After anesthesia, a left thorKJOtomy was per- 
formed, the perfeardlum was opened, and the left anterior descending (LAD) coronary artery was itgated. Sham-operated 
rats had a sMIar surgical procedure without having a suture placed art)und the coronary artery. For studies on cellular 
migration. 2.0 x 1 0« CD344> cells obtained from a s^le donor after G-CSF mobilization were Injected Into the tail vein 
48 hours after LAD ligation either alone or together with 50 it.g/ml monoclonal antibody (mAb) with known functional 
inhtortory activity against either human CXCR1. human CXCR2, hunrwtn CXCR4, rat SDF-1 (ail R & D Systems. MIST), 
human CD34 (Phannlngen, CA), or rat IL-8 (ImmunoUboratories. Jafmn). Controls received either Isotype control 
antibodies at m s&me concentration or saline after LAD ligation. Prior to injectkjn, 2.0 x 1 0^ human cells were Inoibaled 
with 2.6 itg/^L of the fluorescent carbocyanlne Dli dye (Molecular Probes) for 5 minutes at 3rc and 1 5 minutes at 4'C. 
After washing in PBS. Dll-labeled human cells were resuspended In saline and injected intravenously 2.0 x 1 0« CD34+ 
human cells were also injected Into the tali vein of sham-operated or LAD-ngaled rals fscelving thrae Intrsmyocardlal 
Injections of 1 .0 ng/ml recombinant human IL-8. SDi^l. SCF or saline. Each group consisted of 6-10 rate. Quantitation 
of myocardial infiltration after InjecHon of human ceils was perfonned by assessment of DIt fluorescence in hearis from 
rats sacrificed 2 days after injectJon (expressed as number of Dil-poative cells per high power field, minimis S fields 
examined per sample). Quantitation of rat bone mam>w Infiltration by human cells was perfomied In 12 rats at baseline, 
days 2, 7. and 1 4 by flow cytometric and RT-PCR analysis of the proportion of HLA class i-posith/e cells relative to the 
total ret bone marrow population. Fbr studies on neoangiogenesis and effects on myocardial viability and fcnctlon, 2.0 
x 108 Dll-labelled human CD34+ ceils obtained from a single donor after Q-CSF mobilization were reconstituted with 
103, 105, or 2.0 X IQS Immunopurified CDSMD^IT^'^ cells, and injected into the m tail vein 48 houia after LAD 
ligation, In the presence or absence of a mAb with known Inhibitory acthrity against CXCR4. Each group constated of 
6-1 0 ralB. Htsfologte and functional stu(fles were peribmied at 2 and 1 5 weeks. 
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Mgaauremg nt of rat CXC oh^mokine mRNA and prntein expression: Pofyf AW mRNA was extraetad hy atendaw* 
matiwcls from thtt h^mt of 3 noimal and 12 LAD-llgated rats. RT-PCR was us»d to qiMntffy myocardtea expression of 
rat {L>8 and Gro-alphe mRNA at basaflna anct at 6, 1 2. 24 and 48 hours aftar LAO Ugamn after noimallzrng fort<^a! rat 
RNA m maasumd by GAPDH axpreaston. After priming wfth oligo (dT) 16-mer and random hexamara, and ravaraa 
transcribed w»h Motonay murine lymphotrophie virus ravarsa trarttcriptaaa (Invltrogen, Carlabad, CA, USA), cDNA wi» 
amplified In the pofymeraaa chain reaction (PCR) using Ta0 poiymeraae (Invltrogen. Cartebad, CA, USA), mdioiabeiad 
dldeo)<y~nucieotlde ([a32PI-ddATP: 3.00) Cifrnn^l. Miershan, Arilngton Heights. IL), and prfrnera for rat CInc (rat 
homotogua of human IL-a/Gro-stipha and GAPDH (Rsher Genosya. CA). Prkmr pairs (sense/antteense) for rat CInc 
and GAPDH ware. gaagfttaga ttgoKiegBte (SEQ ID NO:4)/caiagocictcacatt£c SEQ ID NO:S).gcgcccgtecgccaat^gctgcgc 
Sep ID NO:fi)/cn@^g8caoe>ctlcagci^!ctmgg (SEQ ID NO:7), and ctctacct^gcaagttcaa (SEQ ID NO:e)/gggatgeKjelt- 
^xcacagc SEQ ID NO:0), respectively. The labelled samples were toacted into 2% agarose gels, sej^rated by electro- 
phoresis, and exposed for r^logr^hy for 6 h at -70X. Serum levels of rat !L'8/Gro-a!pha were measured at baseline 
and at 6. 12, 24 and ^ houra after LAD ligation In four rats by a commerelal ELISA using polyclonal anttoodles against 
the rat IL-ttGro homologua One (immunoLaboratories. ^n). The amount of protein in each senim sample was 
calcul^ad aocoitfflng to a standard curve of optical a&nBli^ (OD) values conatructed for known levels of rat iL-8/Gro- 
alpha protein. Anti<Jlnc antlbo<fie8 were also used according to the manufacturer's matrucatona et 1:200 dHution In 
Immunohlstochemlcal studio to itfentify the celluJar source of CInc production in rat myocardium erfter U^D lotion. 
PosKiveiy-stalning celts were visualized as brown throu^ the Avidln/Blofin system descnbed below. 

Histology and measuiament of Infarct size: Following esoMsion at 2 and 16 weete. left ventricles from each 
aiqaarlmental animal were sliced at 10-15 transverse s«:tions from apex to base. Representative sections were fixed In 
fonnalln and stained for routine histology (H&E) to detennlne celiularlty of the myocardium, expressed as ceil number 
per high power field (hPF) (600x). A i^aason trtehrome stain was parfomied, which labels collagen blue and myocanJIum 
red, to evaluate collagen content on a semiquantitative scale (0-3+), with 1+ light blue, 2+ li^t blue and patches of dark 
blue, and 34- dark blue staining. This enabled measurement of the size of the myocardi^ sc&r using a digital Image 
analyzer. The lengths of the infaroted surfaces. Involving both epicardial and endocardial repons, were measured with 
a pianlmeter digital Image analyzer and exprraaed as a percentage <^ the tonal ventrtcutar circumference. Final infarct 
size was calculatad as the average of all slices from each heart. Ail studio were performed by a blinded pathologist 
Infarct size was expressed as percent of total left venWcular area Rnal Infarct size was calculated as the average of 
all sltees from each heart. 

Quantitation of capillary density: in order to quantitate capillary density and species origin of the capillaries, 
addltlonat secljons were stained freshly with mAbs directed against rat or human CD31 (Serotec. UK. and Research 
Dia^osttes, NJ. respective^), factor VIH (Dako, CA). and rat or human MHC class I (Accurate Chemicals, CT). Arterioles 
were differentiated from large capillaries by the presence of a smooth musde layer, identified by staining sections with 
a monoclonal antibody against mu^e-specifte desmin (Dako, Ca). Staining was performed 1^ immunoperoxidase tech- 
nique using an Avidln/Blotin Blocking Kit. a rat-absorbed blofinylated anfi^ouse igG, and a peroxicteseK^onJugate (all 
Vector Laboratories Burlingame. CA). CaplHafy density was determined at 2 weeks past infarction from sections labeled 
with anti-CD31 mM>, and confinred )tm anti-factor VIM mAb, and compared to the capillary density of the unimpaired 
myocartSum. Values are expressed as the number of CC^I -positive capiiiariea per HPF (400x) . 
^^'^ ^3 Quantitation of cardlomvoc yte proliferation: Cardlomyocyte DNA synthesis and ceil cycling was determined 
by dual staining of rat myocardial tissue sections obtained from LAD-llgated rm at two weeks after Injection of either 
saline or CD34+ humwi celts, and from healthy rats as ne^h/e contmls. for cardlomyocyts-speclfic troponin 1 and 
human- or rat-speclffc Kl-e7. Briefly, paraffin embedded sections were microwaved In a 0.1 M EDTA buffer, and stained 
with either a prSTiary monoclonal antibody against rat Ki-67at 1 :3000 dilution (giftof Gioi^toCatoretti, Cc^umblaUnlvarBlty) 
or human KI-67 at 1 :300 dilution (Dako, CA) and incubated overnight at 4 degrees C. Following washes, sections were 
incubated with a specles-spedfk5 secondary antibody conjugated with alkaline phosphatase at 1:200 dilution (Vector 
LabonatoHes Burlingame, CA) for 30 minutes and positively-staining nuclei were vtsualized as blue with a BCIP/NBT 
substrate kit (Dako. CA). Sections were then Incubated ovemight at 4 degrees C with a monoclonal antibody against 
cardtomyocyte-speclfletropwin I (AocurMeChemteala. CT)andpo«trv»ly-alainingceliswer»vlBuallzedasbrownthrough 
the AvidWBIotIn system described above. Cardiomyocyles progressing through celt cyde in the Infana zone, peri-infarct 
region, and area distal to the Infarct were cabulated as the proportion of troponin l-posltive cells per high power field 
co-expi«ssing Kl-67. 

P''®03 Measorement of myocyte apoptosis by DNA end-labeilg of paraffin tissue sections: For In situ detection of 
apoptoaisattheslnglecelllevalweusedtheTUNELnwttiodofDNAend-labellngmedlale^ 

(TdT) (Boehringer Mannheim, Mannheim, Germany). Rat myocardial tissue sections were obtained from LAD-iigated 
rats at two weeks after Injection of either saline or CD34+- human cells, and from healthy rats as negative controls. Briefly, 
tissues were deparaffinlzed with xylene and rehydrated with graded dilutions of ethanol and two washes in phosphate^ 
buffered saline (PBS). The tissue sections were then digested with Proteinase K (lOi^gAnl In Tite/HCL) for 30 mbutos 
at 37^. The stkles were then washed 3 times fri PBS and incubated with 50|ii of the TUNEL reaction mixture (TdT and 
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fluor^cdin-labeled dUTP) and Incubated in a humid atmospher® for 60 minutes at 3Ta For negative commis TdT was 
eflmlni^fpom th« r»action misrtur*. Following 3 washes In P8S, the salons vmm than Incubated for 30 minutes wi#i 
an anybody 8pecfflcforfluof»sceln^nfugatadrik^in« phosphates 

Th© TUNEL stain was visualized wfthasubetrateaystam In which nuclei with DNA^i^antationatalnadbftie, (BCIP/NHT 
substnate system, Dako, Carplnterla, CA). The reaction was terminaUKi following thme mlnutas of eiqMMura with PBS. 
To detemMfia «ie proportion of blue-^nlng apoptotle nuclei within myocytes, tissue was counteretalned with a mono- 
clonal antibody specific for desmln. Snttogenous peroxidase was blocked by using a 3% hydrogen perloxidase solution 
In PBSfof 1 6 minutes, followedby washing with 20%goat8enim solution. An ane-tK)ponln I antibody (Accumte Chemlcala, 
CT) was Incubated overnight { 1 :200) at 40 degraee C. FoUowing 3 washes sections wera then treated with an antNabbR 
IgQ, followed by a biotin conjugated secondary antibody for 30 m\nmB (Sigma, Saint Louis, Missouri). An avidln^iotln 
complex (Vector Laborrtorlea. Burilngame, CA) was then added for an addltlonai 30 minutes and the myocyte were 
visualized brown following 5 minutes exposure In DAB solution mbcture {Sigma, Saint Louis. Missouri). Tissue sections 
were examined microscopically at 200x magnification. Within each 200x field 4 regions were examined, containing at 
IM 250 ceils per re^ott and cumuiathraly approximating 1 mm^ of tiasua. at both the peri-irtfarct sHa and distally to 
this sue. Stained ceils at the edges of Vhe tissue were not counted. Results were expr^ad as m mean number of 
apoptotic myocytes par mm2 at each site examined. 

1 Anatysis of Myocard?al Function: Echocartflographic studies were perfonned using a high frequency liner srray 
transducer (SONOS 5500, Hewlett Packarel, Andover. MA). 20 images were obtained at mid-papillary and apical levels. 
End-dtastoitc (EDV) and end-systolic (ESV) left ventricular volumes were obtained by bi-piane ama-iength method, and 
% left ventricular ejection fraction was caicuiatsd as [{EDV-esV)/EDV) x 100. 

i^^^^ CDNA Subtractlve Hybridization: Briefly, messenger RNA was Isolated from each heart, and 1 ftg was used 
for flrst-strand cDNA synthesis with random primers. The subtracth^ hybridization was performed with the PCR-seiect 
cDNA subtraction kit (CLONTECH), following the manufacturer's recommendations. After second-strand synthesis, the 
two cDNA llbmries were digested with Fteal. Digestion products of the lester* library were Ilgated to a specific adapter 
fr7piT>moter), then hybridized wWia30-fbld excess of ttie"driver* library for subtraction. After hybrW 
products were further amplified by PCR. In the forwaitJ subtractton, which determines the genes that are overexpressed 
in the Ischemic sample, the Ischemic tissue is the "tester* and the normal tissue Is the "driver." In tha reverse nditractlon. 
the *teatei* and the "driver- are switched to detemiine the genes that are down-regulated In the ischemic sample. 

REFERENCES 



[01S3I 

1 . Soonpaa MH, Reld U. Assessment of cardionnyocyte DNA synthesis in nomr»l and injured adult mouse hearts 
Am J Physiol 272. H22&-6 <1997). 

2. Keilerman S, Moore JA. Zlerhut W, Zimmer HG, Campbell J, Gerdes AM. Nuclear ONA content and nucleatton 
patterns in rat cardiac myocytes from different models of cardiac hypertrophy. J Mo! Cell Cardiol 24, 497-505 (1 992). 

3. ColuccI, W. S, Molecular and cellular mechanisms of myocardial failure. Am. J. Cardiol. 80(1 1 A). 15L-25L (1997). 

4. Ravichanehan, L. V. and Puvanakrishnan, R. In vivo labeling studies on the biosynthesis and degradation of 
collage in experimental myocardial nnyocardlal Infarction. BInchem. Intl. 24. 406-414 (1991). 

5. Agocha. A., Lee, H. W., Eghall-Webb. M. Hypoxia regulates basal and induced DNA synthesto and cotlagen type 
i prDcftjcHon In human cardiac fibroblasts: effects of TGF>beta, thyroid honnona, angloten^s II and basic fibroblast 
growth facftw. J. Mol. Cell. Cardio. 29, 2233-2244 (1997), 

6. Pfeffer, J,M., Pfeffer, M. A.. Fletcher, P. J., Braunwald. E. Progreaaive ventricular remodeling In rat with myocaniAai 
Infarction. Am. J. Physiol. 260, H1 406-414 (1991). 

7. Kocher, AA, etal. Neovascularization of Ischemic myocardium by human bone-man-ow-dertved endothetiat pro- 
genitor caiis prevents cardiomyocyte apoptods, raduces ramodeiing and Improves wfiac function. Nat Mad 7 
430-6(2001). ' 

8. Kennedy, M. et ai. A common precursor for primitive erythmpoiesia and definitiva haamatopoieaia. Nature 386. 



24 



9. Choi. K., Kennedy, M., Kazarov, A., Papadfcnltrtou, Ksiter, Q. A common precursor for h^aropoietlc and en- 
dothaiiai o»tiB. 0«w»topmem 126* 725-732 (1890). 

1 0. Elefanty, A. G., RdaD. L., Bifn«r« H., 8ag(«y, a Q. Hematopoletlcspcdflc g«nM am n« induced dUHng In vitro 
dWerantiation of acknuH embryonic stem odis. Blood 90, 1435-1447 (1897). 

1 1. Laba^le, M. C, Corm, F., Romeo, P. H., Outac. C, Peauit, B. Motecular idenlily of hematopoietic precursor 
cells emer^ng in the hurmn embifyo. Blood 92, 3e24'^35 (1998). 

12. RafilS, etal. isolation and characlerlsmtlonol human bone maritHfymksrovaac^il^^ hematopoietic 

progenitor cell edhe^on. Stood S4, 10-19 (1994), 

1 3. Shi, Q. et al. Evidence for clfculi^ng bone mafrow-derived endothelial cells. Blood 92, 362-367 (1998). 

14. Lln, Y.,Wefedoff, O. J.,Solovey» A., Hebbet, R. P. Origins of clrculatingendothellalcellsandendotheHaloutgrowth 

from blood, J. Glln. Invest 106, 71-77 (2000), 

1 5. Asahara» T. et al. Isoiatlon of putative progenitorcells for endothelial anglogenesis. Science 27S, 964-967 (1 997). 

16. Takahashl, T. et al. Ischemia- end cytoklne-induced mobilization of bone mamsw-derived endothelial progenitor 
ceils for neovascuiarizall<m. Nat Med. 5, 434-438 (1999). 

17. Kaika, C. etal. Transplantation of exvlvoe)^ndedendotheilaiprogenltDrcell8fbrther^>eutlcneovasra 
Proc, Nstt. Acad. Sel. USA 97, 3422-3*27 (2000). 

ia Ka^s^ra J. Lerf A. l=lnato N, dl Loreto N, Beltramo CA, Anversa P. Myocyte proliferation in end-stage canSac 
failure in humans. Proc Natl Acad Sci. USA 95, 8ffi)1-880S (1996). 

1 9. Beltrami AP, et aL Evidence tha* human cafdtec myocytaa divide after myocafdial InfarcHon. N Engi J lUled 344. 

17S0-7 (2001). 

20. Foiicman J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nat Med. 1:27 (1995). 

21. Stfteter, I=%M. et al. lnterleukin-8: a corneal factorthat induces neovaacutartzatlon. Am. J. Pathol. 141,1279-1284 
(1992). 

22. Mureloch C. Monic PfSI, Finn A. Cxc chemoldne receptor expression on human endothelial cells. Cytokine 
11,704-12(1999). 

23. Koch, AE. etal. lnterieukln-8 (lL-8) asamacrophage-derived mediator of angk>genesls. Science, 2S8;1798-1«)1 
(1992). 

24. Strletar. RM. et al The lUncttonai role of the ELR nrwtif in CXC chemokine^mediated angiogenesis. J. Bk>l Chem. 
270, 27348-27357 (1995). 

25. Ans^olilto, AL, et al. Human intarteran-lnduc^bie protein 10 Is a potent inhibitor of angiogenesis in vivo. J Exp 
Med 1 82,1 55-62 (1 996). 

26. FeHC, Augustin HG. Endothellalcells cMerentially express functionaiCXC-chemokinerecejrtor-4{CXCR-4/lusin) 
under the control of autocrine activity and exogenous cytokines. Blochem Blophys Res Commun 247. 38-45 (1 998). 

27. Tachlbana, K. et al. The chemoklne receptor CXCR4 is essential for vascularization of the gastrointestinal tract 
Nature 393, 591-594 (1998). 

28. Mohle R, Bautz F. Rafil S, Moore MA, Brugger W, Kanz L Thechemokine receptor CXCR-4 is expressed on 
CD34+ hematopoiette progenitora and leukemte cells and mediates tnansendotheSal migratfon Induced by stromai 
cell-derived factor-1 . Blood 91, 4523-30 (1998). 



26 



29. Imal, K. et ai« Sebctive sdcrMlon of diemoafttmctants for haemopoietic prog^ftor calls by bone rmrrow en> 
dothailiu cdiis: apo8slbl«fol« In homtng of haemopotellcprogMnlorcalta to bone marrow. Br j Haematot 106. 906->i 1 

30. Peted, A. 8t aL Dependtnce of hurnan stem celi engraftmerrt and rapoptilation of NOMCID mice on CXCR4. 

Science 283, B4S-88 (1399). 

31 . Voemans C, Gerrit««n WR, von dem Borne AB, van der Schoot CE, Inci^ased migration of conJ biood-derived 
CD34^.ceita.a8coniparadlo bone marrow and mobilized per^herai blood 0034+ ceita acroaa uncoiMorfibroneO' 
tin-coi^ filters. Exp. Hematol. 27, 1805-14 (2000). 

32. Janowsl^-Wleczorek, A. et al. Growth fsKjeore and cytokines upregufate geiatlnase expression In bone man*ow 
CD34+ c^{« and fiielr transmigr^on tfirough reconstituted basement membrane- Blood 93, 3379-3390 (1 999). 

33. HeyiTttUTW, S. m al. Inhibition of plasminogen actlvatore or m^rlx metaltopratelnases prevents cardiac rupture 
but impairs therapeutic anglogsnesis and causes cardiac failure. Nat Med. S, 1 13S-1 142 (1999). 

34. Luca M. Huang S, Gershenwald JE, Singh RK, Rekift R, Bar-Eil M. Expression of lnterleuldn-6 by human 
metanoma ce«« up^egMlatas MMP-2 actMty and increasae tumor growth and metestasta Am J Pathol 1S1. 
11<^.1 113 (1997). 

as. Masure, S., Proost, P., Van Danwrio, J., Opdanakker. MD. Purification and identification of 91-kDa neutrophil 
geiatinase. Release by the ^:tivating peptide rnterleukin-8. Eur. J. 8iochem, 198,391-398 (1991). 

38. Hart, P. H. et ai. Activation of human monocytes by granulocyte-macrophage coiony-stimuiating factor: increased 
uroklnaae-type plasminogen activator activity. Blood 77, 841-848 (1991). 

37. Stacey. K. J., Fowles. I. F., Cobrwm, M. S., Ostrowakl^ M. C. Hume. D. A. Regulation of urokinase-type plas- 
minogen acttvator gene tanscriptlon by macrophage colony-stimuladng factor. Mol.Ce». Btoi. 15,3430-3441 (199S). 

38. Pei,X. H.rtal. G-CSF increases eecrotton of uroklnaae-type plasrnlnogen activator by human lung cancer ceBs. 
Clin. Exp. Metastasis 16. 5S1-SS8 {19»S). 

39. Semenad. CL, et al A role for G-CSF receptor signalling In tfie regulation of hematopoietic ceU function but not 
lineage commitment or drfferenttatton. immunity 11. 153-181 (1999). 

40. Nagas^Afa, T. et al. Defects of B-ceH lymphopoiesis and bone-manow ntyeiopolesls In mice l^jklng the CXG 
chemokine PBSF/SDF-1. Nature 382, 635-638 (1996). 

41. Renpel SA. Dudas S. Ge S, Gutlen-ez JA. Identiffcation and iocatizatton of the cytokine SDFI and its receptor. 
CXC chemokine receptor 4, to regions of necrosis and angk>genesi8 In human glioblastoma, am Cancer Res 6. 
102-11 (2000). 

42. Gtoberson. A. Hematopoistic stem cells and aging. Exp. Gerontol. 34. 137*146 (1999). 

43. da la Rubia, J., Diaz, M.A., Verdeguer, A., etal. Donor aga-rel8ted(«frerence8 In PBPCmoblfizatfon with rHuG- 
CSF. Transfuston 41 , 201-205 (2001). 

44. Leferovteh JM, et al. Heat regenerafton In adult MRL mice. Proc Natl Acad Sd USA 98. 98^-9635 (2001). 

45. Vander Heiden MG, Pirn DR, Rathmell JC. Fox CXJ. Harris MH. Thompson OB. Growth tactora can influence 
cell survival tiirough effects on glucose metabolism. Moi Ceil Biol 21, 5899-5912 (2001). 

48. Rfisstg L, JadidI AS, Urblch C, Badorff C, Zeiher AIM, and DImmeler S. Akt-dependent phosphorylation of p21 CIpl 
regulates PCNA binding and proliferation of endothelial cells. Moi Cell Biol 21 , 5644-5657 (2001). 

47. Tomrta S, et al. Autologous transplantation of bone man-ow cells Improves damaged heart function. CIrculatton 
100, 11-247(1999). 



26 



48. Orfic D, etal. Sons marrow cel^ regenerate Infapcted myocardium. Nature 410, 701 '7(B (2001) 

4©.Kfihat I, et^. Human emfaryonte stem celte can cfiffsrenStateirttomyocy^ 
of carellomydcy^, J Clin Invest 108, 407-14 (2001). 

50. Rossi at al., 1992, Aids Raaearch and Human Retroviniaes 8, 183. 

51. Hampai at al., EPi^60257 

52. Hampai and Trftz. 1080 Bioohemlaby 28, 4929. 

53. Hamper at ai.. 1980 Nucialc Adda Raa. 18. 299. 

54. Parrona and Been. l992Biochen^ry31, 16. 

55. Gueniar-Tai^da et ai., 1 983 Ceil 35, 849. 

58. FofBter and AJtman, 1 990 Science 249, 783. 
57. Savina and Coitina. 1990 Cell 61 , 68&«96. 

SB. Seville and Coiiina. 1991 Proc. Natl. Acni. ScL USA 88, 8B2&-8830. 

59. Guo and Collina. 1 986 EMBO J. 14. 388. 

60. Cech et al„ U.S. Pat No. 4,987.071. 

61. Matzura O, Wennborg A (1936) RNAdraw: an integrated progrwnfor RNA secondary etructure calculation and 
analysis under a?-blt MIcroaoft Windeyws. Comput AppI Bload 12:247-9. 

62. Santoro SW, JoyoaGF{1 997) Aganerai puipose RNA-deavIng DMA enzynne. Proc Natl Acad Sd USA94:4262-6. 

63. SantotD SW. Joyce GF (1996) Mechanism and utitty of an RNA-daavbig DNA enzyme. Blochen^stry 37: 
13330-42. 

64. MacLeHan WR and Schneider K^. Genetic dtesecSon of cardiac growth control pathways Annu. Rev. PhyatoL 
2000. 62:289-320.7. 

65. Shan' CJ. Rolserts JM. CDK tnhlfotons: posMva and negathre ragulatora of G{l)-phaaa progression. Gwiea Dev. 
1999;13:1501-1512. 

66. HHt MF, Singal PK. Antioxidant and oxidative atreaa changes during heart faiiure subsequent to myocardial 
Infarction In rate. Am J Pathol. 1996, 1 48:291 -300. 

67. Hill MF. Singal PK. Right and left myocardial antioxidant responses during heartfailure sulssequentto myocardial 
infarctton. Circulation 1997 96:2414-20. 

68. U. Y. . Janklna, C.W. , Nichols. M.A. and Xlong. Y. (1994) Cell cyde exprea^n and p63 regulation of the c^dlo- 
dependent kinase inhibitor p21. Oncogene, 9, 2261-2268 

69. Steinman. R.A. . Hoffman. B. , (ro, A. , Guiilouf. C. . Llebermann, D.A. and El-Housetnl, M.E. (1994) Induction 
of p21 (WAF1A:;iP1) during differentiation. Oncogene, 9, 3389-3396 

70. Halevy. O. . Novllch, B.G. , Spicer, D.B. , Ski^lc. S.X. , Rhee. J. . Hannon. G J. , Beach. D. and Lassar, A.a 
(1996) Con-alatkHi of tamtinal cell cycle arrest of siceietal musde with Induction of p21 by MyoO. Sdence. 267. 
1018-1021. 

71 . Antires. V. and Walah. K. (1 996) Myogenln expression, cell cycle withdrawal and phenotyplc dinerenBaten are 



27 



EP 2 2^ ^1 A1 

temporaJly separate events that precede* ceJI fusion upon myogenegte. J, Cel! Biol., 132, a67<666- 

72. Tsurlmoto» T. PONA Binding Proteins, Frontiew In Btesdence, 4:849-858, 1999. 

73. Uvkeu B. KoyamaH, Raines EW. Clummn BE, HerrenB, Orth K. Roberts JM. Rosa R. Cleavage of f^ldpl/w^i! 
and p27 kipl nrtedlatds apoptosis In andoth#Mi cdlbi through activation of cdks: roia of a caspasa caecada. Mol 
Ce8. 1998:1:563^63. 

74. AdsdH 8. et al. Cydin AA^ma aetivaljon la Involvad in hypoxtalnducad apoptoala In cafcfiomyocytos Oic Res. 
88:408, 2001. 



75. ichijo H, at al. induction of apoptos^ by ASK1, a nnannnialian MAPiOCK tfiift ecQv^aa SAPK/JNK and p38 
signaling patttways. Sciencs 275:90-94 (1997). 

76. Tobluma, K. . Ina^, T. , Takada, K. , Enonftoto, S.. MIyazono. K. and Ichljo, H, (1997) IMolecular doning and 

characterization ofthe mouse apoptosisslgnal-regulating kinase 1. Blocfiem. Btophys. Res.Commun,,239, 905-910, 

77. Aaada Yamada T, ichijo li, Delia D. Miyazono K. Fukumuro K, and MIzutani S Apoptoaia Inhlfattoiy activity of 
cytoplasmic p21Cfp1/WAFl In monocytic diffarantlation. EMBO J. 18:1223-1234, 1999. 

78. Saitoh H, at al. MammaHan thtomdoxin Is a direct inhibtor of apoptosis signal-reguiaiing kinase (ASK)1 . EMBO 
J. 17:2596-2608, 1998. 

79. NHsNyama A, at al. Identification of Thloredoxin4jlndlng Protein-2A/ltamln 03 Up-regutMad Protein 1 aa a Neg- 
ative Regulator of Thloredoxln Function and Expression. J Biot Chem, 31. 21845-21850, 1999. 

80. Junn e, et ai. Vitamin D3 Up Regulated Proteinl Mediates OxklaHve Stress Via Suppressing the Thioredoadr* 

Function. J Imrrwrtnot. 1 §4:8287-6295, 2000. 

81. Holmgren, A. (198S) Annu. Rev. Blochem. 54. 237-271. 

82. Chae, H. Z.. Chug, S. J. & Rttee. S. Q. (1994) J. Biol. Ghem. 269, 27670-27678. 

83. Netto, L E. S., Chae. H. Z. Kang, S., Rhee, S. G. & Stadtman, E. R. (1^ J. Biol. Cham. 271. 15316-15321. 

84. Chae, H. Z, Uhm, T. B. & Rhee, S. G. (1994) Proc Natl. Acad. Sd USA 91. 7022-7026. 

85. Kwon, S. J.. Park. J., Choi, W., Km, I H. & Kim, K. (1994) Blochem. Bic^hys. Res. Comm. 201, 8-15. 
88. Kang, S. W., Balnea, I, C. & Rhee, S. Q. (1998) J, Biol. Chem. 273, 8303-631 1. 

87. Htrotsu. S, et al. Crystal stnich^ of a multifunctional 2-Cys peroxiredox^ hems-blindhg protein 23 kDa/prollf- 

eration-assoclated gene product. Proc. Natl Acad Scl. USA. 96, 12333-12338. 1999. 

88. Slow, R. C. M., et al. (1995) FEBS Lett 368, 239-242. 

89. Prosper. M.. Fierbus. D., Karczlnski, I. & Goubin, a (1993) J. Btol. Chem. 268. 1 1050-1 1056. 

90. Saurl. H., Butterfield. L.. Kim. A. & Shau, H. (1995) Blochem. Biophys. Res. Commun. 208, 964-969. 

91. Ishii T et ai. Transcr^on factor Nrf2 coordinatefy regulates a group of oxklative stress-lndudble genes in 
macrophages. J Blologlcai Chem 2000, 275:16023-16029 

92. ttoh K, Wakabayashi N. Katoh Y. Ishii T, IgarashI K. Engel JD. Yamamoto M. Keapl represses nuclear activation 
of antioxidant responsive elements by Nrf2 through binding to the amlno4emr)lnal Neh2 domain. Genes Oerv. 1999 
Jan 1:13(1 ):76-88. 

93. Lee, J-M, et al. Phosphatkiylnositol 3-KNiase, Not ExtnEweliuiar Slgnahreguiated Kinase. Regulates Activation 



631 A1 

of the Antioxidant-Ha^nsivo Eidmert In fMR-32 Human Neumbiastoma Celte J. Biol. Chem.. 278:2001 1 -2001 8, 
2001. 

94. Kkr\ YC. Masutani H. Yamaguchi Y, ttoh K. Yvnammo M. Yodoi J, Hemln-inducad actfvalkm of th« thtomdoxln 
gene by Nff2. A drffdrentlat mgulatton of th« atitioxldwit reaponalva atamant by a awiteh of Ha binding lactora. J Bid 
Cham. 2001 278:18390-406. 

95. cm HY, Jadibka AS, Raddy SP, K^n^m TW. Yamamoto M, Zliang LY, KJeebsfger SR. Role of NRF2 In 
Protection Against Hyperoxic Lung Injury in Mice. Am J Raspir Call Moi Biol 2002, 26:175-182. 

96. i<umuda C. Dae, Pauia M. B. Pahh Xieo-Ung Guo« and Cari W. Whita. induction d Peroxbadoxln Gana Expreasion 
by Oxygan in Lungs of Newborn PrinrtiM Am. J. f^Mpir. CaN IMoi. Bid. 2001. 25:226-^. 

97. Wan S*T» and Van Ettan. RA The PAG gana product, a atreaa-induoad protein with antioxidant proparttea, ia an 
Abt SH3-bindlng protein and a physiologfcal inhibitor of c-Abi tyroeina idnaaa actlvay. Genes end Oavelopment. 1 9: 

24S8-2467. 1997. 

98. Khartoanda, S., Yuan, Z. M., Waichsalbaum, R. & Kufa, D. Datenmination of cali fata by o-Alsl activation in the 
responea to DNA damage. Oncogene 17, 3309-3318 (1998). 

99. Yuan ZM et ai, Nature 1996 18; 3a2{6588):272-4. 

100. Jost« C. A., Marin, M. C. & Kaolin, W. J. p73 la a tiuman p53-felat8d protein that can induce apoptosis. Nature 
389. 191-194(1997). 

101. Agami. Blandino G. Orsn IM, Shaui Y. interaction ofc-Abi and p73 [alpha] and their coliaboration to Induce 
apoptosis Nature 399, BOS - 813 (1999). 

102. Sun X, at aL AcHvadon of the cytopiasmic c-AbI lyroaina idnasa by reactiva oi^^gen spedaa. J Biot. Chem. 
2000, 27S:1 7237-1 7240. 

103. Kumar S. et al. Taigetlng of the c-Abi Tyrosine Kinase to Mitochonch^'» in the Necrotic Ceil Death Response 
to Oxidative Stress J. Biol. Chem., 276, 17281-17286, 2001. 

1 04. Chen,K.S. and OaLuca.H.F. isolation and characterization of a novel cONA from i-iL-60 caiia treated with 1 ,2&* 
dlhydmxyvtlBfTrin D-3 JOURNAL Biodiim. Blophya. Acta 1219 (1). 26-32 (1994). 

105. Zhang et al. Clinical Pharmacology & Therapeutics (1995) 58(1), 44-53. 

108. Tetsuro Ishil. Ken itch, Junetsu Aicasaka, Toru Yanagawa, Satoru Tai<ahashil, HIroahi Yoshida. Shiro Bannai 
and MasayuM Yamamoto. Cancinogenaals VoL 21 (S):1013-1016. (2000). 

107. Das KC, Pahl PM. Quo XL. White CW, Am. J. Respir, Cells Mol. Biol., (2001). 25(2):226-32. 

108. Immenschuh S, Iwahara S, Satoh H, Neil C. Katz N, Muller-Eberhard U., Biochemistry (1995) 17:34(41): 
13407-11. 

109. Kan itoh. Nobunao Walcabayaahi. Yaautaica Katoh, TflAsuro lahH, Kazuhlko Igarashi. Jamea Dougiaa Engat. 1 
and MasayuH Yamamoto. Ganaa and DavekHimant, 13(1) : 76-86, (1999). 

Exparimantal Reaults II 

intravanoua Adminiatration Of Human Bone Marrow-Derivad Endotheilai Progenitor C^ts Induoea Nevoascuteuizatlon 
And Prevents Cardiomyocyte Apoptoab Within l=iva Days Post-Infarction. 

[0164] Wo sought to determine how soon after In^venous Injection of bone marrow-derived endothelial progenitor 
celia does neovaaculartzation develop in hearts of rats having undergone pemnanenl LAD ligation 48 hours earlier. When 
animals wars sacrlficad at two days after intravanoua Injedton of DiHabaiied hwnan CD34* caiia obtained by G-CSF 
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mobHiz^ion (>98% C034 purt^, coiltaifilftg 6-12% CDllTfortght angloblasts). numerous Oil positive Interatfflal cells 
war»«MR mtliftperi-infanct ragton. but nodrtlnedvaMulmrstriKJtures expressing DH could be Identified, data not shovwi. 
In comraat, anitrnte snK^iflced itf fh^« days posMnfuslon of human CD34+ <mii& demonstrated numerous Dll-positlve 
vascular stftictures m the pert-lnfarot region and higher numiaerB of caplilariwi in comp«r{ton to mte receiving 

saline, frgure 21(a) (p<0.01). The incrsa^ In microvasoularf^ at 5 days wae accompanted by 3.3-fold tower numbers 
of apoptotlc cardiomyocytefl at the pMiri-lnfaitt r^lon, defined by dual poaWvlty for troponin I and TUNEL, fn compartson 
to controls r^Mng saline, figure 21 (b) (p<0.01 ). Together, these data indicate that the v^utogente process of differ- 
entfatlon and or^nlzatlon of bono manow-derived angiobla^ to a mature, functional network of capillaries In the 
ischemic myocardfum takes f mm two to five days. 

fntravenous Adminisfrallon Of Human Sons Maffow-Deitved Endothell^ Progenitor Cells Induces CeW C^flna Of 
Cardtomvocvte firoqenllQfs And CaitBomvocvte Diffefentlafion. 

IpieS] We exam^ed cardiac tissua from wtperimental and control animals sacrificed at nve days by immunohisto- 
ctiemfstoy and confoeal microcopy for evideras of cycRng cardlomyocytes, as has been suggested to occur mrely in 
the aduS heart after acute Ischemia. While no mattire troponin-posHjve cycUng cardiomyocylea were detested In any 
control or experimental animals at day 6 post-lnterctlon, animals receiving human bone marrow-derived CD34+ cells 
dwnonstrated numerous clusters of small, cycling cells at the peri-infarct region that were of rat origin, as defined by a 
monodonal antibody specific for rat K167, figure 22<a>. These ceils were negative for cardiomyocyte-speciflc troponin I, 
a marker of cardlomyocyte differentiation, but stained positively for alpha-aarcomericactSn, Indlcatingttiey were Immature 
cells of cardlomyoeyte lineage. Similar clusters of cycling cardlomyocyte progenitors were not seen in control antnwis 
injected with saline. 

[0166} Tissues obtained from animals sacrificed at tvw> weeks after human CD34+ administration no longer demon- 
strated cimrters of amail, cycling caiftJIomyocyte progenitors, but Instead a high frequency of large, mature rat carefiomy- 
ocytes at the psri-infarct region with detectable DNA activity, as detemnined by duai staining with mAbs reactive against 
cardiomyocyte-speclfic troponin I and rat Ki67, figures 22(b) and (c) . The number of cycling, mature ca}xik>myocyta8 
at the peri-lnferct region was 4-fold higher in aninrals receiving human Endothelial progenitor ceHa than in LAD-ll^ed 
controls receiving saiine (p<0.01) in whom there was a high frequency of celte with fibroblast morphology and reactivity 
with rat KI67, but not troponin I We speculate that the cycling, mature cardlomyocytes seen at day 14 post-infarction In 
animals who received human endothelial progenitor celte are the differentiated progeny of the small, cycling imrrwture 
cardlomyoeyla progenltore seen In the soma emetotrksai iocatton at day 6 and accompanying the onset of neovascular- 
ization. Whether the cydng cardlomyocyte progenitDrs represent In situ cardiac stem cells nontially residing In the heart 
in a quiescent state, or whether these cells have migiatad to the heart from elsewhere In the body, such as the bone 
marrow, remains to be detennlnad. 

iWvocafdial gxprasalon Of HBP23. A F^t Peroxiredoxin Protecting Cells Against E^mage By Oxygen Radicals. Is 
Decreased By Ischemia And increased By Neovascularization. 

C01673 We next sou^t to Ictentify a mofecuiar mechanism to explain the relattonship between neovascularization at 
the pert-lnferct region and proliferation/regeneration of adjacent candlomyocyte pros^nitors. We first performed cDNA 
rajb&actlve hybridization In ord^to kkmUfy pattams of changes in gene expression between normal rat hearts and rat 
hearts 48 hours after t^AD ligation. Since deficits in antioxidams and increased oxidath/e stress accompanying myocardial 
intaftctlon have been directly tmplteated In the pathogenesis of post-tnfefct heart failure (13-15), we chose to examine 
changes in expression of particular antioxidant genes. A family of antioxidant enzymes known as paroxiredoxins, whteh 
demonstrate peroxidase activity (1 6) and are Induced by oxygen (1 7), pfeiy a critteal role In regulating cell survival during 
periods of oxidative stress, such as iK:hemIa. They sen^eto imlntain thethtol-disulflde status of the cytosolby undergoing 
revereible oxid^on-reduction reactions involving electron transfer via disulfide bridges fonned with thtoredoxin (TRX)» 
whteh constitutes one of the princlpai cellular reducing systwna in mammals (18). In addition, peroxiredoxlns can inhbtt 
c-AbI tyrosine kinase activity induced by oxtelattve stress (19.20) and can rescue celte from both a pro-apoptotte state 
and cell cycle an-est induced by the activate c-AbI gene product (21 ). By cDNA subtractlve hybridization, we found that 
e3Q)ression of the rat peroxiredoxin HBP23 mRNA was reduced in rat hearts 48 houre after LAD ligation compared with 
nomnal rat hearts. By RT-PCR. HBP23 mRNA levels In rat hearts decreased at two weeks post-LAD ligation by a mean 
of 34% compared with nonnal rat hearts, fl^re 23 {p<0.OI) . In contrast, HBP23 mRNA levels m LAD-figEaad ret hearts 
two weeks after receh/Ing human angioblasts relumed to levels only 14% lower than k\ non-ischemic controls. Since 
mRNA expression of peroxiredoxlns Is inckiced by oxygen, these data suggested that HBP23 mRNA expression was 
inhibited by the a^ute isc^emk; event and Induced following angloblast-dependent neovascularization. 
IPI W] Generation Of A DNA Enzyme To Cleave HBP23 mRNA. To Investigate whether induced expression of HBP23 
^ involved In the mechanism by which neovascularizatksn affects myocanfial ceiiular apoptosta, regeneratton/prorifera- 



30 



EP2 292 631 A1 



tion, and function, we generated acatalytic RNA enzyme targeting a^'rffc eequencee mm them HBP23 gens (22,23). 
We dioee to «p«iirk»lly target pyrlmf^ junctions at or neerthetmnslattonai steit site AUG of messenger RNA 

for rat H0P23, a re^on that is esonserved t?etween spec^ and has low relative free energy (24). in tii^ region, the rat 
HBP23 sequence diffem by only one base from ^e human honrologue, profffemflon-aaaociated gene (PAG). To produce 
s the control DNA enzyme, ttie nucleotide sequence in the two flanking anra of the HBP2$ DNA enzyme wee sciwnblad 
without altering the catalytte domain. The 3* temnlnus of each motecuie was caj^d with an Inverted 3'-3'«llnked thymidine 
for resistance to a'-to-S' exonuciease digestion. 

tOiesj The DNA enzyme agalnat H8P23 cleaved the as-baee oligonucleotide synthesized from the sequence of rat 
H6P23 mRNA, In a dose- and time-dependem manner, figure 24 (a). In contrast the ONA enzyme did not deava a 23> 

w base ollgonudeotlde fonn the human homologue PAG which dWers from the rat HBra otlgonudeotide by only one 
base, demonstraflng fte exquisite target spedflclty. A DNA enzyme with specificity for the same translatlonal start ^te 
In the human PAG gene efficleittty deaved the PAQ oligonucleotide, but not the one derived from HBP23 (date not 
shown). The scrambled control DNA enzyme did not cleave either oligonucleotide. To detenmtne the effect of the DNA 
en^me on enctoganous H8P23 productkHi, cardiomyocyte monolayers obtained from fetal rat hearts wer9 grown to 

IS oonftuence and transfected with spedes-^iMdfie DNA enzymes or scrambled contrtol. Densftometrfc analyris of RT- 
PCR products fOttowing revefse transcription of cettuiar mRNA showed that the HSP23 DNA enzyme inhibited steady- 
state mRNA levete In cuttured rat cetts by over 80%, figure 24 (b), rebithra to the scrambled DNA, 

In Vino Administration Of A D NA Enz ymeTo Prevent Induction Of HBP23mRNAtn Rat Myocardium, Neovascutarlza«on 
^ Is Not Affected. But Its Effects On Cardiomyocyte Apoptosis. Regeneration. And Function Are Abrogated. 

(Q170] To Investigate the in vivo relevance of induced expression of HBP23 in experimental myocardial infarction, 48 
hours after LAD legation rats were In]ec4ed with human bone marrow-derived endottietfal progenitor cells intravenously 
togelher with Intramyocardtal ln]ectfons of either HBP23 DNA enzyme or screunbled control. As shown in figure 25 (a), 

3S HBP23 DNA enzyme had no effect on induction of neovascularization by human bone marrow englobtasts. When 
sacrificed at day S post-lnfuslon, rats who received human endotheilai progenitorB, Irrespecttve of whether HBP23 DNA 
enzyme or scrambled control was co-lnjecled, demonstrated increased myocardial caplliary densrty in comparison to 
saline controls. In contrast injection of the HBP23 DNA enzyrm, but not the scrambled control, abrogated the anti- 
apoptotic effects of neovascularization, figure 26 <b), and the improvement in cardiac function, fl^re 26 (c). Among 

30 animals rece'rving human endothelial progenitor cells and demonstrating myocardial neovascularization, treatment with 
HBP23 DNA enzyme reeultsd in 1 .7-told higher levels of caroHomyocyte apoptosis (p<0.01 ) and 38% mean deterioration 
in cardiac function as assessed by echocardiography (p<O.Ol). In addHJon, the HBP23 DNA enzyme exerted «r«dng 
effects on cardiomyocyte progenitor proliferation/regeneration. Whereas perl-lnfarct clusters of small rat cells expressing 
Ki67 and alpha>sarcomerlc actin were easily detected in animals receiving angloblasts together with the scrambled 

3S control DNA, none were identified In animals receiving the HaP23 DMA enzyme. These resuite clearly demonstrate that 
angiobtast-dependent neovascularization proteds cardlomyocytes against apoptosis and induces prolM^ratioiVregen- 
eration of resident carclmnyocyte lineage progenitors via pathw^ regulated by peroxiredoxin gene products. 

DISCUSSION 

40 

fOITIl In this study we showed that neovasojiarization of Ischemic myocareJium by human bone mant5w derived 
angloblasts results in both protection of mature cardlomyocytes atthe peri-Inf arct region against apoptosis and stimulation 
of cardiomyocyte progenitors at the same site to enter cell cyde. proliferate and regenerate. Moreover, we showed that 
the mechanism by which angtobtast-dependent neovascularization regulates cardiomyocyte survival and setfrenewaJ 

*s appears to invoh^e at least one family of genes invol^«d In antl-^optotlc and pro-prollferatlve peUhways accompanying 
oxidative stresSp the peroxiredoxin. While oxygen tension positively regulates peroxiredoxin gene expression (17), wheth- 
er this alone explains the positive effect of angloblast-medlated neovascularization on HBP mRNA expression Is not 
dear. Since peroxiredoxin mRNA expression Is induced by protein kinase C deita (25) it is poesibia that bone marrow 
angloblas^ may be a source of e}dracelKilar signals ragMtSftlng protein idnase C dete acthratlon and consequently cell 

so survival, such as FQF-1 (26). 

[0172] Deficits In antioxidants and Increased oxidative stress accompanying myocardial infarction have been directly 
Implicated In the pathogenesis of post-lnfarct heart failure (13-15). Our sftidy suggests that reduced levels of peroxlre- 
doxins post-Infarction may be of direct cmisatiiy In the subsequent remodetling and failure of the left ventricle. The 
antioxidant effects of peroxirsdoxins are coupled with the physiological electron donor activtty of theTRX system (27-29), 

ss In addition to directly Interacting wHh TRX, the peroxiredoxin gene products specifically bind the SH3 domain of c-AbI, 
a non-receptor tyrosine kinase, inhibiting its activation (21). Activation of c-Abi through the SH3 domain by stimuli such 
as agents that damage DNA Induces either arrest of the cell cycle In phase G1 or cellular apoptosis (30). Ceil cycle 
arrest la dependent on the kinase activity of c-AbI which downreguiates the activity of the cydln-dependent kinase Cdk2 
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and induces the expreMldn of p2i (31). By assode^ng wllh c-AbI in vivo, i^roxii^dojdns can inhibrt tyrosine phospho- 
rytatlon inducad by o-Abi ovaraxpraatton and reoctia cate from both the cytostatic and pro-apoptotte aff^ of tha 
active c-Abi gena product (32), Our in vivo darmmstnition thai co-adminlglratfon of a ONA enzyme directed against 
the rat paroxlradoxin HBP23 abrogated tha an«-apQptotfc and pro-pmilfafativa affacts of human angioblaat-dfliMndant 
neov^Guiaiizatlon intha Infaretad rat heart argues strongiy thatthls family of ganea \8 diractiylmpiieittadlnthamachaniam 
of action by which neovascularizadon rasutta In Improvement In cardtec function and prevention of heart failure. 
1(11731 Throughout fife, a mfxiufe of young and old cef te ia present In the normal myoca«Jlum, Although mom myocytes 
aeam to b« tenninally difrafantiated, there (s a fraction of younger myocytea that rataina tha capacity to replicate (33). 
In the present study, human angiobiaat-dapendant naovaacularizafion reauited. within five days, in prolifatatlon of smaR, 
endogenoua rat cardlomyocyte precursors at tha pert-tnfa»ct region. Tha dMdtng myocyte pracursora could be Idantiflad 
by Immunohlstm^emicai critarte on tfie basia of concomitant cell surface expnassion of alpha-sarcomeric acfln, but not 
troponin I. and prolifefattng nuclear strueturaa, defined by an antibody specific for rat Kie/. Since this pmcess waa 
followed within fourteen daya by increasing numbera In the same locatTon of mature, cycling cardlomyocyte, definsd 
on the beato of morphology, cell aurfaca akprcwsion of troponin I. and nuclear wqwaaaion of KI87. we conclude that 
cyding canflomyDcyta precuraom difrarentl^d to aitu to become new, mature, functional cardiomyocytaa. Whether 
these, precursors are derived from a reaident pool of cardlomyocyte stem cells or from a renewable source of circulating 
bone man^-dertved stem cella that home to the damaged myocardium remains to be detennlned. Moreover, while tha 
signala required for In situ axpanaion of cardiomyo<^ precureors appear to involve, at least in part, pathways regulated 
by members of the peroxiredoidn gene family, the aignals required for cardlonftyocyte differentiation are. at present, 
unlmown. Gaining an underatandlng of thMa isauea may open the possibMIfy of manipulating tha biology of endogenoua 
cardiomyocytes in order to augment the healing proceaa after nr^ocardial iachemia. 

METHODS ANO MATERIALS 

P31743 Purifh^m and t^tmcamizaSon of cytokine-mobilized human CD34+cefis. SIngie-donor leukopheresis prod- 
ucta were obtained from humane treated with recombinant G-CSF 10 mg'ltg (Amgan, CA) acdaly for four daya. Donors 
ware healthy Individuals undergoing standard institutional procedurea of bona narrow moWlizafion. harveating and 
Isolafion for allogeneic stem ceil transplants. Mononuclear cells were separated by FfcoH-Hypaque. and highly-FHirifled 
C034+ ceils (>9S% positive) were obtained using magnetic beads coated with antl-C034 monoclonal antibody (mAb) 
(Miltenyi Biot«sh. CA). Purified CD34 cells were stained with ftuorescein-conjugated mAbs against C034 and CD1 1 7 
(Bacton Dickinson. CA), AC133 (MHIenyi Biotech. CA). CD64 (Irmiunotaoh, CA), CDe2E (BioSource, MA), VEGFR-2, 
Tla-2, vWF, eNOS, CXCR1 . CXCR2, and CXCR4 (ail Santa Cru2 Biotech, CA), and analysed by four-parameter fluo- 
rescence using FACScan (Becton Dteklnson, CA). Cells posWveiy selected for CD34 expression were also stained with 
phycoerythrin (PE)-coniugated anti-CD117 mAb (Becton Dicklns<»i, CA), and sorted for bright and dim fluorescence 
using a Facstar Plus (Becton Dickinson) anda PEfiiter. lntracellularstaInlngforGATA-2was performed by permeablllzing 
one mHHon cetta from each of tha bri^itiy and dimly fiu(^ascing caH populations using a Phamiingen Cytofix/Cytopemt 
kit, irK^ubatlng for 30 minutes on tee ¥^h 1 0ul of fluorochrome-<»>njugated mAbs again^ bo8i C01 1 7 and CD3A surface 
antigens (Becton DkJklnson, CA), After resuspension in 250ul of Cytofix^Cytopemfi sohJtton for 20 minuiea at 4 degr^ 
C, cells were Incubated with a f luorochrome-labeled mAb against QATA-2 (Santa Cruz Biotech. CA) or IgG control for 
30 minutes at 4 degrees C, and analyzed by three-parameter flow cytometry. 

p»7SJ Ankn8ts,8urgteaipmoBdtm,anaii^ectlonofhumance({s.Row^ athymk: nude rats (Harlan Sprague 

Dawley, Indlanapons. Indiana) were used in studiee approved by tha "Columbia University Institute for Animal Care and 
Use Committee". After anesthesia, a left thoracotonny was perfonmed, the perteardlum was opened, and the left anterior 
descending (LAO) coronary artery was llgated. Shem-openBted rata had a similar aurgteal procedure Wflthout having a 
suture placed around the coronary artery. 

£01718] mMogy mid maaauiemont of tnfatct size. Following excision at 2 and 15 weeks, left ventricles from ea;h 
a^^erlmentat animal were siteed at 1 0-15 transverse sections from apex to base. Representative sections were fixed in 
fomnalin and stained for routine histology (H&E) to detannine ceKuiarity of the myocardium, expreaaed as ceH number 
per high powerfleld (HPF) (600x). A Masson trichrome stain was pertomiad, whteh labels coliagan blue and myocardium 
red. to evaluate coltegen content on a semiquantitative scale (0-3->-), with 1+ light blue, 2+ light blue and patches of dark 
blue, and 3+ dark blue staining. This enabled measurenrtent of the size of the Myocardial scar using a digital image 
analyzer. The lengths of the infaicted surfaces, involving both epk^ial and endocardial regions, were measured with 
a planimeter digital image analyzer and expreaaed as a percentage of the total ventricular circumference. Rnal Infarct 
size was calculated as tha average of all sik:es from each heart. All studies were perfbmied by a blinded pathologist 
(MJS). Infarct size was expressed as percent of total left ventrteular area, Rnal Infarct size was calculated as the average 
of ail sil<»s from each heart. 

[0177] Quantitation of capHtary density. In order to quantitate capillary density and spatiea origin of the capillaries, 
addlfional aecttons were stained freshly writh mAbs directed against rat or human cD31 (Seratec. UK. and Research 
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Diagnostrca, hU, m^^etively), factor VIII (Deko, CA), and rat or human MHC class I (Accurate Chemicals, CT). Artertole« 
were eWtenanttetsd from lai^e caplllarfes by the preeenca of a smooth mu®d« layer, Identified by staining s^ons with 
a monoclonal antibody ageing musde-apeeiffe desmin <Dako, Ca). Staining was psrfomied t5y immunoperoxldase tech- 
nlqye using an Avitin/Blotin Stocking Kit, a rat-abeorbed blotinylated antf-mouse i^, and a peroxit^e-conju^e (ail 

5 Vector Laboratoriaa Burtlng^e, CA). Capflteiy denaity waa deteimined at S days and 2 w^ks post Infart^on from 
sections labeled with antl-CD31 mAb, and confirmed with anti-factor Viii mAb, and cort^arad to the capillary density of 
the un&t^palred ntyocardlum. Values are evpmomd m the number of Ct^l -positive capillaries per HPF (400x). 
p>178] Quanmnnon at cardiomyocytB promemtkm. Cardiomyocyte ONA synthesla and cell cycling waa detenninad 
by dual staining of rat myocardial tl^ue sectiona obtalneci from LAD-ligated rats set two w«eks after injection <rf i^her 

»o «Mdtne or CD34+ human cells, and from healthy rats as negatlva controls, for cardlomyocyte-specffte troponin I and 
human- or rat-sp#dflc m7. Briefly, paraffin embedded sections were microwaved in a 0.1 M EDTA buffer, and stained 
with eithera prfcnory monoclonal antDody agalr^rat KI67at1 :3000dthJtk>n (gWtof GiorgioCatoreta, Columbia University) 
or human Ki67 at 1 :300 <£iution (Dako, CA) and incuba^ ovemight at 4 degrees C. Following washes, sec^ona were 
incubated with a spadas-^pacHic secondary antlbo*^ conjugated with alicaane phosphatase at 1:200 dilutton (Vector 

IS Labof^oriaa Burilngame. CA) for 30 minutas and posHively-staining nuclei ware vIsuaRzed as blue with a BCtP/NBT 
substrate kit (Dako, CA). Sections were then Incubated ovemight st 4 degrees C with a monoctonal antlboc^ against 
cardiomyof^a-speclfictroponln I (AccurateChemicais, CT) and positiveiy-stalnlngcella were visualized as brown through 
the AvWin/Bkstin system described above. Cardlomyocytea progressing through ceil cycle in the infaret zone, peri-lnferct 
region, and area distal to the irtfaict were calculatad aa the proportion of troponin l-posWva eels per high power fieki 

so co-expre^^ 1067. For confocal microscopy, fluorescein isothiocyanate (FITC)-conjugatad rabbft anH-moum IgG waa 
used as secondary antibody to detect Ki67 in nuclei. A Cy6.con|ugaled mouse mAb against alpha-saicomeric acHn 
(clone SC5; Sigma) waa used to detect cardlomyocytes, and propidlum iodide was used to identify all nuclei. 
[01 79} Me&sumrmm of myocyte apopWsis by DNA end-labeling of pamtfin tissue ^cti&iB. For In situ detection of 
apoptosls atthe single cell level we used the TUNELmethodof DNAend-labeltng mediated by dexynucleotldyltransferase 

ss (TdT) (Boehrlnger Mannheim, Mannheim, Gennany). Rat myocardial tissue sections were obtained from LAO-ligated 
rats at two weeks after Injection d either saline or CD34+ human ceils, and f «>m healthy rats as negative corrtrds. Briefiy, 
tissues were deparaffinlzed with xylene and rehydrated with gmded dilutions of ethanol and two washes In phosphate- 
buffered satins (PBS). The isssue sections were then digested with Proteinase K (lOugftnl in Trts/HGL) for 30 minutes 
at 370 C. The idk^es ware then washed 3 times in PBS and incubated with 50ul of the TUNEL reactton mixture (TdT and 

30 fluorescein-labeied dUTP) and incubated in a humid atmosphere for 60 minutes at 370 C. For negative controls TdT 
was eliminated from the reaction mixture. Following 3 washes In PBS, the sections ware then Incubated for 30 mkiutes 
with an antibody sp^lTic for fluorescein-conjugated alkaline phosphsAase (AP) (Boehringer Mannheim, iWannhefen, 
Gemiany). The TUNEL stain was visualized with a siMistrate system in whteh nuclei wim DNA fragmentation stained 
biue, (BCtP/NBT substrate system. DAKO. Garpinteria. CA). The reaction was tenninated following three minutes of 

3s exposure with PBS. To detemilne the proportion of Wue-stalning apoptotic nuclei within myocytes, tissue was counter- 
stained wim a monoclonal anMaody specific fbr desmin. Endogenous peroxidase waa blocked by using a 3% hycfrogen 
perloxldasesokj^on in PBS for 15 minutes, followed by washlr^ with20% goat serum solution. An antl-traponin I antibody 
(Accurate Chemicals. CT) was incubated overnight (1 :200) at 40 degrees C. Following 3 washes secttons were then 
treated with an anti-rabbit IgG, followed by a biotin conjured seconc^ry anttoody for 30 minutes (Sigma, Saint Louis, 

40 M^souri). An avidin-brotin complex (Vector Laboratories, Burlingame, CA) was then added fbr an addlQonal 30 minutes 
and the myocytes ware vteualized brown following 5 minutes exposure in DAB solution mixture (SIgrm, Saint Loula. 
Missouri). Tissue secBons were examined microscoptealiy at 20X magniffcartlon. Within each 20X field 4 regions were 
examine, containing at least 250 cells per ra^on and cumulatively afi^roxbnatlng 1 mm2 of ttesua, at both the part- 
Inlarct site and distaity to this site. Stained cells at the ec^es of the tissue were not counted. Results were expressed 

^ as the mean number of apoptofic myocytes per mm2 at each site examined. 

[0180] AnafyS0BOfmyocanMai function: Echocardlographic studies were performed using a high frequency liner array 
transducer (SONOS 6S00, Hewlett Packard. Andover, MA). 2D images were obtained at mid-papillary and apk^t levels. 
End-diastoRc (EDV) end snd-systolk: (ESV) left ventricular volumes were obtained bl-pLana area-length method, and 
% left ventricular ejection fraction was calojtated as [(EDV-ESV)/EDVJ x 100. 

so jtJiai] cDNA Subtractivo Hybridfzation:Jh\BtBchn\quB enabled comparison of thspattem of gene expression between 
hearts from nonnal rats and rata who undenwent left anterior descending (LAD) coronary artery ligation 48 hours eariier. 
Bri^ly, messenger RNA was isolated from each heart, and 1 i&g was used for first-strand cDNA synthesis with random 
primere. The subftracUva hybridi2»tton was performed with the PCH-aalactcONA subtraction kit (CLONTECH), following 
the manufacturer's recommendaHons. After second-strand synthesla, the two cONA librariM were digested with Rsal. 

» Digestion products of the "tester* library were ligated to a spedfte adapter (T7 promoter), then hybridized with a 30-fold 
excess erf the "driver library for subtraction. After hybridization, the remaining products were further amplified by PGR. 
In the fonward subtraction, whteh detennines the genes that are overexpiessed in the ischemic sample, the Ischemk^ 
tlssuo Is the ■tester' and the nonnal tissue is the "driver" In the raverM subtraction, the tester' and the "driver" are 
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switched to dstermlne th^ g@rt^ thetf am down-reguiated In the Ischemic sampte. 

£0182} fhavwm tfwiscrptkm-pofyrmmm chain tvaction (RT-PCR) of HBP^ mfiNA mxprmskm: Total RN A 

was extracted using HNeasy Km from Olagan (Val©ftciai, CA) from normal rat heart* orir&m haarte of rati who underwent 
LAD ilgatton two weeks e^ler and receWetd er^er satine or human angls^ilaste. RNA waa mveme tianacrlbed with 

s SMART cDNA Synthtsis Kit (Glorrtech, Palo Alto, CA). Ampliflc^lon reactfons were conducted In a 2Sul volume with 
an initial atap of 34C for S m&n, followed Jay 26-32 cyclea of 94C for 30 sec and mc for 1 m\n, using TITANIUM Taq PGR 
KHa (Ctentech. Palo Alto. CA). Primera for HBP23 were S'-OCTQATQAAGGTATCTCTTrCAGaGGCCTC (SEQ ID NO: 
10) and ff-GATGGTCTQCCCCTTACCAATAGTQQAAG (SEO ID NO:11). Rat GAPDH was used aa internal control 
(f onward pHmer &TQAAGGTCGGA6TCAACa3ATTTQ3' (SSQ © N0:12), ravaraa primer S'CATGTQGQCCA TGAGG 

10 TCCA CCACaf ((SEQ ID NOrlS)). Ethkfitan bronrfde stained banda of mpmsd fragrrwnta warn quanlffiad by densito- 
matric. 

[8183] DNA BnzyrmsandRNA suhs^ms: DNA enzymes with 3'-3' Inverted thymidine were synth^lzed by Integ^ted 
DNA lechnologiea (Coral viile.lA) and purified by BNaae-free lE-HPLC or RP-HPLC. The short RNA subatmtea corre- 
sponding to targat DNA enzyme sequences were chennlcttliy syntheaizad fotlomd by RNAaa-frea PAGE puriflcatfon 

IS and alao made by in vitro trenacrfption fN>m a DNA template. Rat HSP23 cONA and human PAG cDNA wer« i»npRfied 
by RT-PCR from tolat RNA of cultured rat fetal candlomyocytes and HUVEC, resp^javely, using the foHowIng primer 
pain STTTACCCTCTTGACnTACTnTGTGTGTCCCACS' (fommiti primer) and S'CCAGCTGGGCACACTT- 
CACCATG3' (reverse pr\mer). HBP23 and PAG cDNA were cloned into pGEM-T vectora (Promega) to obtain piasmid 
constructs pGEM-rBtHBP23 and pGEM-hiunanPAG. cDNA aequancaa were verified using an automatic sequencing 

30 macWne. SSPHabeiad-nudeotida rat HSP2a and human PAG RNA transcripts were prepared by in v'rtro transcription 
(SPe polymerase. Promega) in a volume of 20ml for 1 hour at 32*»C. Unincorporated label and short nucleotides 
(<360base) were separated from radioiabeled species by centrlgugation on Chromaspln-200 columns (Clontach. Palo 
Alto,CA). Synthetic RNA substrates were end-l^eled with 32P using T4 polynuctetiode icinase and incubated with 
0.05^ulU H8P23 or scrambled DNA enayme. Reactions were allowed to proceed at ST'C and were "quenched ■ by 

3S transfer of afiquota to tubes containing 90% formamide, 20mM EDTA and loading dye. Samples were separated by 
electrophoresis on 1 5% TBE-urea denaturing poiyacryiamlcte gels and ctetected by autoradiography at -80*C. Primary 
rat fetal cardk>nrTyocytes were obtained tinom Ctonetic (USA) and grown in medium containing 2% PCS, lOOug/ml stra- 
tomycln and 1 00 lU/ml penlcinin at 37*C In a humidified atmosphere of 5% C02. Cells were used in experiments between 
passage 6 and 8. Subconfluent (70-80%) rat fetal t^rdlmiyocytes were transfected using 0.5ml of seatm-free medium 

30 containing 0.05%5uM HBP23 or scrambled DNA enzyme and 20 ug/ml cationic lipids (DQTAP). After Incubation for 
eight hours ceils were lysed using Trizol reagar^ (UfeSdancas. CA) to Isolata RNA for RT-PCR of HBP23 eiqsreraion. 
aa above. 
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<H0» tm TIUISTBBS OP COLWM8IA ONIVEKSXTY IH THE CltY O? MB« YORK ET AL. 

<iaO> aeOESSRATJON OV SNOOCIBMOUa HVOCftRDIAl, TtSSUB BY l»Di?CtION Or JJBOVASCUt^RI ZA 

<i30> O5-?S/66€02-A-PCT 

<14 0> NOT YET IQIOWH 
<141> HERSWITH 

<160> 13 

<170> Pat«Atln version 3.3 

<210> 1 

<211> 2790 

<2X2> DMA 

<213> HOMO SAPISHS 

<220> 

<221> CDS 

<222> {314),.U409) 

<223» 

<400> 1 

aaaccaaccc ccctttttci: ccaaaggagt gcttgtggag atcggatcct etcfcccagca «o 

actgggggaa agaaggcect: ttctccgacc ccgctcagcg taaccagcgg cgcaeattce i20 

ttaggcgect t:i:t:ogaia«a<s etagtagfcta abattcattfc gtccaaaece tacttcatte 180 

Ctaagctcaa actgcbtaag aataccttaa ttcctcaaag tgaaaCaact tbttgcaaag 240 

gggttccctc gatttggagc tttttttctc ttccaccgtc afcttctaact cttaaaacca 300 

actcagttcc ate atg gtg atg etc aag aag ate aag tec tte gag gtg 349 
Met val Met Pha t,y« hya lla i,y« s«r Ph« Olu Val 

15 10 

gtc ctfc aae gac cat gaa aag gtg tac ggc agt ggc gag aag gtg get 397 
Vai Pha Aan Aap Pro Glu Lys Val Tyr 6ly Swr Oly Olu Lys Vai Ala 
15 20 2S 

99C 9*^9 ^t:^ 9^9 3^^ 9tg tgt gaa gtt acc cgt gtc aas gcc gtt 44S 
Giy Arg Val I la Vai Glu Val cya Qlu Val Thr Arg Vai Lys Ala vai 

30 35 40 

agg acc ctg get tge gga gtg get aaa gtg ctt tgg atg cag gga tec 4M 
Arg 11© Leu Aia Cys OXy Val Aia Lya Val X.eu Trp M«t Qltt Gly Ser 
45 50 SS €0 

cag cag tgc aaa cag act tog gag tac ctg cgc tat gaa gac acg ctt 541 
Gin Ola cya Lys Sin Thr Ser Olu Tyr Lau Arg Tyr Olu Aep Thr Xjou 

«5 70 7S 

etc ctg gaa gac cag cca aca ggt gag aat gag acg gtg ate atg aga SB9 
Lau Leu Glu Asp Gin ?ro Thr Oly Olu Asn Olu Met Vai il« Mat Arg 
80 as 90 
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cct gga aac aaa tat gag fcac aag etc ggc ttfc gag cct cct cag 
Pro Oly Asn hya tyr Oiu tyr Lys Ph& aly Phe dlu Leu Pro Gin Qly 
9S 100 lOS 

cct ccg fga aca tec tfcc aaa 93a aaa tat ggg tgt gta gac eac t99 
Pro Lem Qly Thr Ser Ph» Ly* oiy Lya -pyr Oly Cy» V»l A8{> Tyr Trp 
110 lis lao 

qt^ aa9 get ttt ctt. gac trgc cscgr age cng cca ace c«a gag ac« a«g 
Vai Ly« hln Phd Leu Asp Ajeg Pro a«r Gin Pko Thr Gin Glu Thr Ly» 
125 130 13S 140 

aatt aae etc gaa gca gtg gat ctg gtg gac gtc aat ace cct gat tta 
Lys Asa Phe Olw Val Val Asp Leu Val Aap val Aba Thr Pro Asp Lau 
145 ISO ISS 

atg gca cct gcg tct get aaa aaa gaa aag aaa get tec fcgc acg tee 
Mttb Ala Pro val S«r Ala Lys Lys Olu Ly* Lya Val Ser Cys Met Phe 

ISO 165 170 

act cct gat ggg egg geg tct gto tct get cga acc gac aga aaa gga 
He £»ro h&p Gly Arg Val Ser Val Ser Ala Arg 1X& A&p Arg Lya Qly 
17S x$o las 

etc tgc gaa ggt gac gag att tec aec cat gcc gac ttt gag aat aca 
Pha Cya Glu Gly Asp Glu il« sar I la Mia Ala Asp Pha Slu Aan Thr 
190 19S ' 200 

cgt tec cga ate gtg gtc ccc aaa get gee att gtg gcc cgc cac act 
Cya S«r Arg il« Val Val pro hy» Ala Ala Ila Val Ala Arg His Thr 
20s 210 31S 220 

tac att gcc aat ggc cag ace aag gtg ctg act cag aag ttg tea cca 
Tyr L»ti Ala Asn Oly Oln Thr Lya val L6u Thr Oln Lys Leu Ser Ser 
2iS8 230 235 

gtc aga ggc aat cat att ate tea ggg aca cgc gca tea tgg cgt ggc 
Val Arg Oly Asn His 11* tie Ser Gly Thr Cya Ala Ser txp Arg Gly 

240 24S 250 

aag age ctt egg gee cag aag ate agg cct tec ate ctg ggc cgc aac 
L,ys Ser Leu Arg vai Gin hys lie Acg Pro Ser ria Leu aly cys Aen 
2SS 260 26$ 

ate ctt cga gtt gaa tat tec tta ctg ate tat gtc age gtt cct gga 
xl« Leu Az^ Val Qlu Tyr Ser Leu Leu He Tyr Val Ser val Pro Gly 
270 27S 2«0 

tec aag aag gtc ate ccc gac ctg oco ctg gta att ggc age aga cca 
Ser Lys Lys Val lie Leu Asp Leu Pro Leu Val lie Qly sar Arg Ser 

285 250 295 300 

ggt eta age age aga aca ccc age atg gcc age cga acc age tct gag 
Gly Lau Set Sar Arg Thr Ser Ser Met Ala ser Arg Thr 3er Ser Qlu 
305 310 313 

acg agt tgg gta gat ctg aac ate ccc gat acc cca gaa get cct ccc 
Met Ser Trp Val Asp Leu Asn lie Pro Asp Thr Pro Glu Ala Pro Pro 
320 325 330 
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fege tat atg gac gtc act ccc gaa gat cac C9a ttg gag age cca acc 135? 
Cy« Tyr M«C Asp Xle Pro OIu Asp HI a Arg Leu Glu S&t Pro Thir 

335 34G 

acfc c£2fc cEg cfca gac gac atg gat gQcs tct caa gac a^c cce ate tct 
Thr ?ro L«u Aap Asp M9& Aap Qly a*r ala Aup $mr Pro ll« Phe 
350 3S5 3£« 

acg tae ccc gag cto aag tec atg cea cea ccg act cac act ga^ 14 S3 
M«t Tyr Ala Pro Olu Ph« Lyi Pha ftet Pro Pro pro Thr Tyr Thr Giu 

3«S 370 380 

gtg gat cce tgc ate etc aac aao aae gtg cag tga gcatgtggaa 1499 
val Asp Pro Cya Xla c.«u Asn Aan Aan Val 01 n 
3«S 390 

gaaaagaagc agccttacct actrfcgcttct ttttgtctct ctccccggac actcactttfe isss 

tcagagacec aaeagtctct gcaatggagt gtgggtccac cttagcctct gacttectaa 1619 

tgtaggaggt ggtcageagg caatctcctg ggectfcaaag gatgcggact caccctcagc X&79 

cagcgcccat gttgtgatac aggggtgttfc gttggatggg tttaaaaata actagaaaaa 1739 

ctcaggccca tccatetccc cagacctccc tgaaaattga ggccttttcg acagtcccgg 1799 

gtcaggtaaa aacggectce tggcgtaagc tfcctcaaggc Ctttc^agg ecttttgeaa iaS9 

accgtgatag gaactttgga ccccgaactt acgtatcatg tggagaagag ccaatttaac X$19 

aaaccaggaa gatgaaaagg gaaattgtgg ccaaaaettt gggaaaagga ggtcctcaaa l$7S 

accagtgcct cccctttgtg cacttgcaga aaaaaaagaa aaaccttcta gagccgattt 2039 

gatggacaat ggagagagct ttecctgtga ttataaaaaa ggaagccagc cgctctacgg 2099 

ucacccctgc tcaagagtat acttcaaect ggcttttaaa gcagtagtaa ccgccccacc 2iS9 

aaaggtcfcca aaagccjatct tfcggagccta ttgcactgfcg ttctcctact gcaaatattc 2219 

teatatggga ggatggtttt ctctfccatgt aagtcofctgg aatbgattct aaggtgaegl: 2279 

tcetagcact ttaatccctg ccaaactctt tgttcccccc ttctgccatc ttaaatgtaa 2339 

gctgaaactg gtctactgtg tctctagggt toagccaaaa gscaaaaaaa acttcactac 2399 

ttttgagatt gccccaatgt acagaatfcat ataatcctaa cgcttaaatc atgtgaaagg 2159 

gttgctgctg tcagcctcgc ccactgtgac ttcaaaccca aggaggaacc ctcgatcaag 2519 

atgcecaacc ccgtgatcag aacctccaaa tactgccatg agaaactaga gggcaggtct 2579 

tcataaaagc cctttgaaec cccttcctgc cctgtgttag gagacaggga tactggcccc 2S39 

ccactgcagc tgccagcacc tggtcagtca ctctcagcca tagcaetttg ttcaccgccc 3699 

cgcgccagag caccgagctc cacccttttc tgagagttat cacagcc^a aagtgcgggc 2759 

tgaagatggt tggtttcatg t 2780 
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<21Q> 2 

^2lli> 391 

<213> HOMO SAPIENS 

<400> a 



M«fc val Met Phe JCya Lys tie l.y« Ser t»he Glu Val Val Phm Asm Aup 
IS 10 IS 



Pro Slu Ly» Val Tyr Oly Ser Oly Glu Dys Val Ala Oly Arg Val lie 
30 3S 30 



Val Olu val cys Oiu val thr Arg Vai i^ya Ala Val A«g ilo Leu Ala 
3S 40 4B 



Cy» Oly Val Ala Lya Val hmi Trp Met Gin Qly Seif oin Gin Cys Lys 

so SS 60 



Gin Thr Ser Qln Tyc Leu Arg Tyr Glu Asp Thr Leu L6a Lets Qlu Aap 
«S 70 7S 80 



Oln i»ro Tbr Gly Glu Asn Glu mt Val He Met Arg Pro Gly Asn Lya 

90 95 



tyr Olu Tyr Ly« Phe Oly Pho Olu Leu Pro Oln Gly Pro Leu Gly Thr 
lOO lOS 110 



Ser Phe Lya Oly Lys Tyr Gly cys Val Asp Tyr Trp Val Lys AXa Phe 
lis 120 125 



Lau Asp Arg Pro Ser Gin Piro Thr Gin Olu Thr Lya Lya Asn Phe Olu 

130 135 X4Q 



Val val Asp Leu Val Asp Val Asn Thr Pro Asp Leu Met Ala Pro val 
14S ISO . 155 160 



Ser Ala Lya Lye Olu Lys Lye Val Ser Cys Met Pbe lie Pro Aap oly 

iss 170 ns 



Arg val Ser Val Ser Ala Arg He Aep Arg Lys Gly Phe Cya Glu Gly 
180 las 190 



Aap Glu lie ser lie Hia Ala Aap Phe Olu Aan Thr Cys Ser Arg lie 
195 200 30S 
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Val VAl Pro Ly» Ala Ala XI «i Val Ala Arg His Thr tyr Lou Ala Asn 

^iS 22a 



aiy Oin Thr Lya Val Leu Thjf <51a Lys Leu 0er 0«r Val Arg Gly A«n 
235 230 235 240 



His il« tl« s«r aiy Thr c^a Ala 3ar Trp Acs Oly Ly» sar Lau Arg 
2^5 aso 2SS 



Val am l.y8 lU Arg Pro s«r He Leu Qly Cya Ann He Arg Val 
360 2«5 2V0 



Olu Tyr Ser Leu Leu ile Tyr Val s«r Val Pro Gly Sar l^ya Lya Val 
275 2S0 2B5 



I la Leu ASP Leu Pro Leu Val lie Gly Ser Arg Ser Oly Leu Sar Sar 

290 295 300 



Arg Tirr Sar Ser Mel: Ala s«r Arg Thr Ser Ser Olu Kac Sar Trp Val 
305 310 31S 320 



AKp Leu Asn He Pro Asp Thr Pro olu Ala Pro Pro Cya Tyr Htt Asp 
325 330 33S 



Val lie Pro Glu Asp Hie Arg Lau olu Ser Pro Thr Thr Pro Lau Lau 
340 345 3S0 



Asp Asp Mae Asp aXy Sar oin Asp Ser Pro Ha Ph« mt Tyr Ala Pro 

355 360 3€S 



Olu Ph« Lys Pha Met Pro Pro Pro Thr Tyr Thr Glu Val Asp Pro Cya 

370 3'?S 580 



He Leu Aen Asn Asn Val Oin 
385 390 



«210> 3 

<ail» 117« 

c213> ONA 

<213> HOW 3APIEMS 

<400> 3 

atggcgatgrt ccaagaagae caagcctttt ^jaggtggtct tcaacgaccc tgaaaaggtg so 

tacggcagtg gcgagaaggt ggccggcegg gcgatagtg^ a^gtgtgfcga agttacccgt 120 

gtcaaagccg ciragga&cct: ggcccgcgga gfcggctaaag tgctccggac gcagggatcc 180 
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cagcagtgca aacagacetc ggagfeaifctg cgc&atgaag acacgcttcc tccggaagan 340 
cagccaacag gtgagaatga gafcggtgiitc attg«gacccg gaaacaaaca tgagtacaag 300 
cccgg<:t:t:t.g agcttcctca ggggccfectg ggaacaecct: tcaaaggaaa atatgggtgtt 3«0 
gtagactaet gggcgaaggc betccttgac cgcccgagce agccaactca agagacaaag 42D 
aaaaaeettg aagtagtggA tctggtggat gfccaacaeee ctgaectaac ggcaceegcg 4Bfl 
cccgctaaaa aagaaaagaa agttiecctfc acgttcaecc etgacgggeg ggcgeetgec S40 
fcctgctcgaa t&gacagaaa aggacectgt gaaggtgacg agatCeccac ccatgctgac 600 

tttgagaata catgctcccg aattgeggtc cccaaagctg ccactgtggc ccgccacact 660 

taccttgcca atggccagac caaggtgctg actcagaagc tgtcaccagt cagaggcsat 720 

catatCfttct cagggacaeg cgcatcatgg cgcggcaaga gcctccgggc tcagaagatc 780 

aggcccccta tcctgggctg caacatcccc egagttgaat attcctttact; gat^tabgtt 840 

agcgtccctg gacccaagaa ggccaijccct gacwcgccoc cggcaattgg oagcagacca 900 

ggtctaagca gcagaaoatc cagca&ggcc agccgaacca gctccgagat gagttgggea 960 

gatrctgaaca tccccgatac cceagaagce ccccoccgct: acatggacgc cacecctgaa lO^O 

gatcaccgat cggi^gccc aaccaccccc ccgccagatg acatggafcgg ctcecaagac 1080 

agccceatct ctacgcatgc ccctgagttc aagcccatgc caccaecgac tcatactgag 1X40 

g&ggatcccc gcafccctcaa caacaacgtg cagcga 1176 

«210> 4 

c211> 20 

■<213> DNA 

<2li> ARTIFICIAl, SE<K^ENCB 
<220> 

<223> PRIMER DIRSCXiSD TO RAT CittC 

<400> 4 

gaagattagat: tgcacegatg 20 

<210> s 

<211> 19 

«2127> DMA 

<213> AATSPICZAXf j^UBNCB 
<220> 

<223> PRIMER DIRECTBD TO RAT Cinc 

<400> S 

caeagcctct cacatctc 18 
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<210» 6 
<21l> 3S 

<220> 

<22%> PRIIffiR OrReCTEO TO tUVt Cine 
<400> <> 

gcgceestcc gcca&tgogc tgc^ 



<2i0> 7 

<313l> 28 

<212> DMA 

<3i3> AirrxrxcxAL ssQiiiaiCB 

<220> 

<323» PRIM£R DIRBCtSO TO RAT Cinc 

<400> 7 

ci:t99i3gaca cecctcagca tcttecgg 



<21Q> s 

<211> 21 

<212» DHA 

«213> ARTIFICIAL S&QUS»CB 
<220> 

<223> PRIMER DIRECTSD TO RAT Cinc 

<4C0> & 

ctctacccac ggcaagttca a 



<210> & 

<211> 20 

<212> 0WA 

«2i3> AHTIFICIAL SKOtJBNCB 
<220> 

«223> PRIMER DIR8CTED TO RAT Cinc 

<:4<J0> 9 

gggatgacct tgcccacagc 



<210> 10 

<2ll> 30 

<212> DNA 

<213> ARTIFICIAL SEQUEHCS 

<220> 

<223> PRZMER DIRBCTBO TO H9P33 

<400> 10 

gctgatgaa^ 9tatct:cttt oaggggcccc 
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<s211> 29 

<212>- OMA 

<220» 

<331> I^RZMSA DXIUSCTED TO H8I^3 



4400» 11 

gatggtctgc cccttaccaa eagcggaa^ 



<210> 12 

<21l> 24 

<212> DMA 

<313> ARTXrXCIftL SEQUiSMCS 



PRIMER DIRECTED TO OADPK 



<400» 13 

tga«^gccgg agtc«ac99« fcctg 



<2i0> 13 

<2H> 24 
<212> 

<213> ARTIFICIAL SKOySHCE 

<223> REVSRSS PRIMER DIRECTED TO GADPK 

<400> 13 



Ctiriins 



1. An agent for use in the treatment of a disorder of a subject's heart InvoMng loss of cardlomyocytes, the agent 
comprising an amount of a CXC chemoittne or a gene encoding a CXC chemoklne effective to cause canJiomyocyte 
proOferetion witfiln tfie subjacfa heart so as to thereby treat tiie disonter. 

2. The agent of claim 1 , wherein the agent Is a CXC chemolclne. 

4s 3. The agent of dalm 2, wherein the chemoklne is Stromal-Derived Factor-1 , i 1 -8 or Gro-Mpha. 

4. The agent of cteim 2, wherein the chemokine is Stromal-D«-fved Factor-1 . 

5. The agent of claim 4, wherein the chemokine Is Stramat-Derived Factor-1 alpha or Stnxnal-DeHved Factor-1 beta. 

so 

e. TTie agent of any one of dalma 1 to 5, wWch Is administered IntmmyocardiaHy or intreooronary. 

7. The agent of any one of davna 1 to 8. which Is administered via a stent, a scaffold, or as a stow- release fbmiutetlon. 

» 8. The agent of any one of claims 1 to 7 further comprising a second agent. 

9. The agent of claim 8, wherein the second agent is GM-CSF, G-CSF. iL-8, a Gro family chemokine. an inhibitor of 
CXCR4 or an inhibitor of SDF-1 . 
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10. The agent of any one of dabms 1 to 9, which is for treadng a cardiovasrajier diseasa, congaatTva heart fallum, 
myocardial Infarct. rr^oeareRa! iBchamtei. or cardiofnyopathy. 

11 . Th« agam of any <m« of clafcrs 1 to 9, which }& for trying ir^ocartlal Inftoct 

12. Tha agam of any ona of oiaimt 1 to 1 1 , wharain tha agant conftprfsas balwaen 0.2|ig/iml to 6»Lg^mi of tha CXC 
channokbia at a maximum voluma of 1 0mi for a 70kg human aubjaot 

13. The agant of any ona irf dalma 1 to 12, whaiain adnfiintebath)n of tha agant raauiis In Improved cardiac functton. 

14. Thm agent of claim 13, wherein improvad oarcflac function is determined by Improved ejecfion fraction, 

15. Use of an amount of a CXC chemokine or a gene encoding a CXC chemoklna affectiye to causa canilomyocyta 
pmifaration wfthin tha aubjacf a haait In ttia manultetura of a madteamem fbr treating a dlsordar of a aubjacTs heart 
involving ioaa of cardlomyocytaa, 

16. Tha uae of daim 1 6. whardn tha CXC chemoklna is Stromal Derived FactDM . tL-8 or Oro-Aipha. 

17. Tha uaa of dain 1 a. wherein tha CXC chemokine ia Stromal Oarfvad Factor-1 . 

18. The use of claim 1 7, wherein the CXC chemokine la Stromal Derhmd Factor- 1 a^ha or Stromal Derived Factor-1 beta 

1 9. The use of any one of claima 1 S to 1 8, wherein the medteament Is for intramyocardlai administratkin or intracoronarteri 
edministrstion » 

20. The uaa of any ona of claima 1 S to 19. wherein tfie nnadkament is tor administration via a stent, a scaffold, or as a 
aiow-rakMusa fomiutetlon. 

21 . The uaa of any ona of daima 1 5 to 20, wherein the madk»nem further comprteea a second agant 

22. Tha uaa of claim 21, wherein tha second agent ia SM-CSF, G-CSF. IL-8, a Qro family chemokine. an Inhibitor of 
CXCR4 or an inhibitor of SDF-1. 

23. The use of any one of claims 15 to 22. which is for treating a cardkwascuiar disaasa. congestive heart failure, 
myocardial infarct, myocardial Ischemia or can]lk)nr)yo|:^y. 

24. The use of any one of claims 15 to 23, wherein the medicament Is for traadng myocardlai InffercL 

25. The use of any one of claims 15 to 24. wherein tt?e medicament comprises between O^ii^l to SftgAnI of tha CXC 
chemokine at a maximum volume of 10ml for a 70kg human subject. 

2S. Tha uaa of any ona of dalms 16 to 26, wherein the nnedk^ament induces improved cardiac function. 

27. The use of daim 26, wherein improved cardiac fUndton is determined by Improved etjaction fradlon. 

28. Tha agent of da^ 1 » wherein tha agant Is a gana encoding a CXC diamoklna. 
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FIGURE 2B 
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FIGURE 2C 
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FIGURE 6 



1 aaactaaccc ctccttctcc ccaaaggagt gcttgtggag atcgga&cci: ccccccagca 
SI atitgggggaa agaaggcttt trcccctgact tcgcccagtg taacca9cg9 cgcatacctt 
121 ntaggcgcct tttcga-aaac ctagtagtta atattcactt gtrctaaacct taccttactt 
181 tfcaagcfccaa accgcttaag aataccceaa ccccttaaag tgaaataatt tttcgcaaag 
241 gggtctccfec gacttggagc cttttecttc ttccaccgtc atttctaact cctaaaacca 
301 actcagttcc atcatggtga tgttcaagaa gatcaagtct tttgaggtgg cccttaacga 
3 SI cectgaaaag gtgtacggca gtggcgagaa ggtggctggc cgggtgacag cggaggtgtg 
421 tgaagttact cgcgtcaaag ccgttaggat cctggcttgc ggagtggcca aagtgccttg 
4 SI gatgcaggga teccAgcagt; geaa&cagac tecggagtac ctgcgctatg aagacaegct 
541 tcttctggaa gaccagccaa caggtgagaa fcgagatggtg atcatgagac ctggaaacaa 
601 atatgagtac aagttcggct tcgagcttcc r.caggggcct ctgggaacat ccttcaaagg 
S€l aaaacacggg tgcgtagact actgggtgaa ggcttttctt gaccgcccga gccagccaac 
721 tcaagagaca aagaaaaacc tcgaagcagt ggatctggtg gacgtcaata cccccgafctt 
781 aacggcacct gtgtctgcta aaaaagaaaa gaaagtttcc cgcatgttca ttcctgacgg 
B41 gcgggtgtct gtctctgctc gaactgacag aaaaggattc tgtgaaggtg atgagatttc 
901 cacccatgct gacttcgaga acacatgecc ccgaattgtg gtccccaaag ctgccattgc 
ggcccgccac acttaccttg ccaatggcca gaccaaggtg ctgactcaga agccgtcatc 
1021 agtcagagge aatcatacta tctcagggae acgcgcacea cggcgtggca agagcctfccg 
10 Bl ggttcagaag atcaggcctt ctatcctggg ctgcaacacc c&ccgagtcg aacatcccct: 
1141 actgacccan gfctagcgttc ctggatccaa gaaggtcatc cctgacctgc ccct^taac 
1201 tggcagcaga tcaggtccaa gcagcagaac atccagcatg gccagccgaa ccagctctga 
1261 gatgagtcgg gtagatccga acatccctga caccccagaa gctcctcccc gctacatgga 
1321 tgtcattcct gaagatcacc gattggagag cccaaccact cctctgctag atgacatgga 
13 81 tggctctcaa gacagcccta tctccatgta cgcccctgag ttcaagttca tgccaccacc 
1441 gacttatact gaggcggatc cctgcaccct caacaacaat gcgcagcgag catgtggaag 
ISOl aaaagaagca gccctaccta cttgctcctt tttgtcfcctc Ctcctggaca ctcacttttt 
1561 cagagactca acagtccctg caatggagtg tgggtccacc ttagcctctg acttcctaat 
1621 gtaggaggtg gtcagcaggc aatcccctgg gccttaaagg aCgcggactc atccCcagcc 
1681 agcgcccatg ttgtgataca ggggtgtttg ttggacgggt ttaaaaacaa ctagaaaaac 
1741 tcaggcccat ccaetttctc agatctcctt gaaaattgag gcctcttcga eagtl^tcggg 
laoi tcaggtaaaa atggcctcct ggcgtaagct tttcaaggtt ttctggaggc ttttcgtaaa 
1861 ttgcgat.agg aactttggac cttgaactta cgcatcatgt ggagaagagc caatttaaca 
1921 aactaggaag atgaaaaggg aaattgtggc caaaactttg ggaaaaggag gttcttaaaa 
1981 tcagtgtttc ccctttgtgc acctgtagaa aaaaaagaaa aaccctctag agctgatttg 
2041 atggacaacg gagagagcfct tccccgtgat tataaaaaag gaagctagct gctctacggt 
2101 catcttcgct taagagtaca ctttaacctg gcCttcaaag cagtagtaac tgccccacca 
2161 aaggtcctaa aagccatrcct cggagcctat tgcaccgtgt tcCcctaccg caaacatttt 
22 21 catatgggag gatggtfcttc tcttcatgta agtecctgga atcgattcta aggtgatgtt 
2281 cttagcactc taatccctgt caaactctcc gctctcccct cctgccacct taaatgtaag 
2341 ccgaaactgg tctactgtgt ctccagggtc aagccaaaag acaaaaaaaa tcttactact: 
2401 ttcgagatcg ccccaacgca cagaattata taattctaac gcttaaatca tgtgaaaggg 
2461 ttgctgctgt cagccttgcc cactgtgact tcaaacccaa ggaggaaccc ttgatcaaga 
2521 tgcccaaccc Cgtgatcaga acci:ccaaac actgccacga gaaactagag ggcaggtctt 
2S81 cacaaaagcc ctccgaaccc cctscccgcc ctgtgttagg agacagggat attggcccct: 
2641 cactgcagct gccagcacct ggtcagircac cctcagccac agcactcegd t:cact:gt:cct: 
2701 gcgtcagagc actgagctcc acccttttict gagagttatt acagccagaa agtgcgggct 
2761 gaagatggtc ggtctcatgt 
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